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PREFACE.
This volume which, like its two predecessors, is the work of
Mr. H. B. Woodward, completes the general description of the
Jurassic Rocks of England and Wales. It includes an account
of the strata from the Oxfordian to the Purbeckian dirisions,
with some remarks on the probably marine equivalents of the
Purbeck group in Lincolnshire.
As in previous volumes of this Memoir, full references are
given to the labours of others who have worked at the formations
described in the following chapters. In early days the broad
outlines of the geology of the Middle and Upper Oolites were
admirably sketched by Webster, Sedgwick, Buckland, De la Beche,
Lonsdale, Fitton, Mantell, and John Phillips. Among the later
more detailed investigations, special prominence may be given to
the elaborate work of Prof. J. F. Blake and Mr. Hudleston on the
Corallian rocks ; to the separate papers by Prof. Blake on the
Kimeridge Clay and Portland Beds ; and to the work of Thomas
Roberts on the Corallian clays. These observers have done much
to elucidate the minute stratigraphy and palajontology of the
formations to which they have so sedulously devoted their
attention.
Our information regarding the Oxfordian and Purbeckian
groups has not hitherto been summarised, and many details on
this subject are now for the first time published. I may specially
refer to the account of the Kellaways strata at Kellaways, and
to the lists of fossils from that and other localities in the south-
west of England.
The Geological Survey has not hitherto published any
memoir descriptive of the higher Oolitic strata in Dorset,
although the admirable Maps and Sections by H. W. Bristow,
and the detailed sections of the Purbeck Beds by that author
and Edward Forbes, have depicted some of the main features of
the geology of that region.
In the preparation of this volume full advantage has been
taken of previous Memoirs of the Survey descriptive of the strata
in the Midland area, especially those by Prof. Hull, Prof. Green,
Prof. Judd, Mr. Jukes-Browne, and Mr. Strahan.
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In the field Mr. Woodward has received help from Prof.
Prestwich and Mr. James Parker (of Oxford), from the Rev.
W. R. Andrews (formerly of Teffont Evias), from the late Robert
Damon (of Weymouth), and from Mr. A. M. Wallis (of Portland).
The fossils collected during the progress of his work have been
named by Messrs. Sharman and Newton
;
while Mr. Teall has
examined and described microscopic sections of the rocks.
As in the previous volumes special attention has been given in
the following pages to the subject of Economic Geology.
The illustrations, where not otherwise stated, are original. As
before, we are indebted to the Council of the Greological Society
and to Dr. Etenry Woodward for the use of cliches, the sources of
which, as well as of others taken from previous Survey Memoirs,
are notified in the List of Illustrations.
The full Bibliography which forms an Appendix has been
compiled with the assistance of Mr. Fox-Strangways, and will
doubtless be helpful to those who seek further special information
on the Jurassic Rocks of England and Wales.
It is intended that a concluding volume on the Jurassic Rocks
of Scotland and Ireland shall be published after those of Scotland
have been mapped in detail.
ARCH. GEIKIE,
Geological Survey Office, Director General.
28, Jermyn Street,
London,
15th October, 1895.
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THE
MIDDLE AND UPPER OOLITIC
ROCKS
OF
ENGLAND
(YORKSHIRE EXCEPTED).
CHAPTER I.
INTRODUCTION.
The Middle and Upper Oolitic Rocks.
The Middle and Upper Oolitic formations come to the surface
at intervals across the country from Dorsetshire to Lincolnshire
;
but the outcrop, more especially of the higher members of the
series, is concealed over considerable tracts by the Cretaceous
strata. Tiiere is evidence that prior to the deposition of these
newer formations, the Oolitic strata were tilted, and in some cases
rucked up and faulted, so that the Cretaceous deposits in their
extension westwards were laid down on diverse members of the
Oolitic Series. This unconformable overlap (or overstep) is
marked in the case of certain Lower Cretaceous or Neocomian
strata, not only by the Lower Greensand resting on different
formations, but by the occurrence in it of derived fossils. The
overlap of the Upper Cretaceous strata was even more widespread,
and this was accompanied by some destruction both of the Lower
Cretaceous strata, and of the underlying Oolitic formations.
Thus the underground course of the Oolitic rocks is concealed by
irregular sheets of Lower Greensand, and by a more persistent
covering of Chalk and other Upper Cretaceous strata. The anti-
cline of the Wealden area brings the Upper Oolitic rocks to the
surface near Battle ; and the presence of these and other members
of the Oolitic series below ground in the south-east of England,
has been made known through several deep borings. {See Figs.
.144, 145, pp. 298, 299.)
2 MIDDLE AND UPPER OOLITIC ROCKS OV ENGLAND :
The map that accompanies this Memoir shows the areas over
which the various Oolitic rocks occur at the surface, and also
their probable underground extent beneath the covering
ot
Cretaceous and newer rocks.
It seems likely that during the Jurassic period there were
tracts of land in portions of what are now the eastern counties,
where Palseozoic rocks directly underlie the Cretaceous strata ; and
possibly there was land also over portions of the Hampshire and
Wiltshire area. Godwin-Austen long ago remarked that " The
Oolites of Yorkshire and Lincolnshire were dependent on a
land which lay to the east,"* and the results of deep borings in
the South-east o£ England lend support to the view.
The following are the chief formations to be described :
—
rUpper Purbeck Beds.l
Purbeckian
-| Middle Purbeck Beds. ^-Spilsby Sandstone.
LLower Purbeck Beds. J
rUpper Portland Beds.
Portlandian < Lower Portland Beds
l_ and H artw ell Clay.
Kimeridgian Kimeridge Clay.
rCoral Bag and Coral-T Upware Limestone
Corallian -l line Oolite. V and Ampthill
L Calcareous Grit. J Clay.
N
Oxfordian
/Oxford Clay.
\Kellaway8 Beds.
Tables showing the local divisions and leading zones were
given in the general account of the Oolitic Series , they need not
therefore be repeated here, but they will be dealt with more
particularly in the chapters on each formation. Particular
descriptions of oolite and pisolite, and of the probable method of
formation of oolitic rocks, together with a general account of the
fossils of the Oolitic Series, have likewise been given in a previous
volume, t
The total thickness of the Middle and Upper Oolitic Series,
varies from about 900 to about 2,200 feet ; that of the Middle
Oolites being from 450 to 800 feet, and of the Upper Oolites, 450
to 1,400 feet.
The series includes deposits of considerable economic value
;
among them the Portland Stone, the Swauage Stone and Purbeck
Marble ; the Westbury iron-ore ; clays that are extensively dug
for brick-making, as well as some local deposits of gypsum.
* Quart. JourD . Geol. Soc, toI. xii. p. 64.
t Memoir on the Lower Oolitic Rooks of England, pp. 6, 24 ; see also Fox-
Strangways, Jurassic Rocks of Yorkshire, vol. i. p. 399. For a general account of the
Jurassic System, see Memoir on the Lias of England and Wsles (Y )rkshire
excepted), p. 1 ; and Eox-Strangways, op. cit., p. 7.
SEQUENCE OF STRATA. 8
The Middle and Upper Oolitic strata form a series that is
intimately connected, and. together they constitute the Upp^r
Jurassic division. From the Oxfordian base to the Portlandian
formation there is evidence o£ transition ; while the succeeding
Purbeck Beds are superimposed with a general conformity as
regards their stratification, but they exhibit marked changes in
their method of formation. The Oxfordian Beds are, for the
most part, distinctly marked oflf from the underlying Cornbrash,
but they are connected palaeontologically, so that there is no
evidence of any break in the series, as we pass upwards from the
liower Oolites.
The mass of the Middle and Upper Oolites consists of marine
deposits; of thick clays that are separated by stone-beds, which,
in the case of the Oorallian Beds especially, are of a variable and
inconstant character. The Purbeck Beds show the incoming of
terrestrial, freshwater, and estuarine conditions, that are attended
by some evidences of local unconformity with the Portland Beds,
but by no marked discordance that would suggest any great
break in the series.
These freshwater conditions were continued in the Wealden
strata, which, in the south of England, blend intimately with the
«arlier Purbeck deposits, so that we have a passage from Jurassic
to Neocomian or Lower Cretaceous formations.
In parts of Lincolnshire, and again in Yorkshire, we have
evidence of marine beds on the border-lines between the Jurassic
and Cretaceous strata, and it is consequently a debatable matter
as to how closely correlation can be carried between the forma-
tions of the north and south of England. In the district under
consideration it seems probable that the Spilsby Sandstone of
Lincolnshire, may be classed in point of age with the Purbeck
Beds.
The general relationship between the Purbeck and Wealden
strata has led many geologists to group them together. Nor does
the local evidence justify our parting them.
It is only on wider grounds that the division between Jurassic
and Cretaceous is taken at this horizon. No general system of
classification will be found equally applicable to all areas. With
the Trias and Lias, with the Lias and Oolites, we find in some
regions such a gradual passage, that no definite plane of demarcation
-can be drawn. Thus, in places we have to draw an imaginary
line between Lias and Oolites in the midst of a transitional series !
So in separating the Purbeck and Wealden formations, we may
be content to allow the claims of general convenience and
of the palaeontological succession established in Europe, to rule
the limits of our principal chronological systems.
With the several subdivisions, the case is different ; such
-formations must be based on their stratigraphical features, even
while we admit that the actual boundaries between the rock-
groups vary more or less in horizon in different areas. The evidence
in general shows that we cannot adopt zonal groupings, that wiU
•correspond also with the main stratigraphical divisions over wide
e 82428. a
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ateas. It is, however, important to maintain the original divisions
of our strata taken from the typical localities ; and in the case of
the Middle and Upper Oolites, we have the Kellaways Beds and
Oxford Clay, the Kimeridge day, the Portland and Purbeck
Beds, all of them named from localities in the area under
consideration. To modify Our grouping to suit the stratigraphy
elsewhere is not justifiable, nor can any precise plan be adopted
that will serve all the requirements of field-geology and
palsBontology over extended areas.
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CHAPTER II.
MIDDLE OOLITIC.
Oxford Clay and Kkllaways Rock,
(oxfoedian.)
General Account of the Strata.
The Oxford Clay takes its name from the county of Oxford,
where it enters extensively into the structure of the ground^
moreover, it is exposed in tlie neighbourhood of the City of Oxford
in several brickyards which appropriately furnish some of the
largest inland sections of the formation.
The term " Clunch Clay and Shale " was used by William Smith
(1815-16), because the upper part of the formation comprises
hard clay rising in lumps, called " Clunch " ; while deeper down
it becomes blacker and laminated, under which circumstances it
is called " Shale."* The term Oxford, Forest, or Fen Clay was
used by Buckland in 1818; and this compound name was
suggested from the occurrence of wooded tracts, such as the old
Forest of Braydon, and from the development of the Clay
beneath portions ofthe Fenland.| The general term of Oxfordiaa
was used by D'Orbigny in 1844.
The Oxford Clay consists of bluish or greenish and lead-
coloured clay, which usually becomes brown or yellowish-grey at
the surface. In many places, and more especially in the upper
part, the bedding in the clay is not distinct, and is marked only by
bands of septaria and occasional layers of earthy limestone ; but
lower down the formation is usually more and more shaly, and
this character is maintained even when the beds come near the
surface. The shale is grey and reddish-brown or purple in
colour. Both clay and shale are often calcareous, and occasionally
bituminous; and a good deal of lignite is sometimes met with.
Septaria occur at irregular intervals and they may attain a
large size, having a diameter of 3 feet or more. Small irregular
reddish-»coloured ironstone-nodules are found in places in the
upper beds ; these also are septarian. The beds contain much,
iron-pyrites and selenite ; and many of the fossils are of a pyritic
character.
Towards the base of the Oxford Clay there occur inconstant
beds of sand and calcareous sandstone, the latter often appearing
* Parkinson described " Clunch " as a soft chalk-like stone, found towards the
top of the clay (Organic Remains, vol. lii. p. 446). Clunch has also been described
as a provincial term for " indurated clay, when glossy, unctuous, and tending to a
slaty texture ;" while when dull and smooth it is termed " Clod." W. Phillips,
Selection of Facts, Geol. England and Wales, p. 61.
t W. PhiUips, Ibid. (Table by Buckland.)
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in the form of huge concretionary masses or " Doggers " that
attain a thickness of 7 feet or more. These sandy beds alternate
with clayey or loamy beds ; and usually at the bottom of the
formation there is a clay- bed, some 10 or 12 feet thick, that rests
on the Cornbrash.
Indurated sandy beds, highly fossiliferous, but of little thickness,
were formerly quarried for road-metal near Kellaways, not far from
Chippenham in Wiltshire; as early as 1699 the fossils were
noticed by Lhwyd,* and a century later they attracted the
attention of William Smith, who introduced the name Kellaways
(or Kelloway's) Stone into geological literature. The term Kella-
ways Beds is now usually applied to the strata, whicli constitute
an irregular, and lithologically not everywhere persistent, base-
ment-bed to the Oxford Clay, The thickness varies from a few
feet to upwards of 50 feet. From a palseontological point of view
the horizon is important, for the fossils mark a stage that is not
solely dependent on the lithological characters of the Kellaways
Kock of Kellaways.
The term Oxf'ordianf may be used generally to include the
Oxford Olay and the Kellaways Beds. Tlie total thickness of
the formation varies from about 300 to nearly 600 feet, but the
sections as a rule do not afford many points of stratigraphical
interest ; the organic remains alone are calculated to attract the
geologist.
The Oxfordian strata rest conformably upon the Oornbrash,
and may be said to merge gradually upwards into the Corallian
series. Palseontologically the beds both below and above are
intimately connected. Common to the Cornbrash and Kellaways
divisions we find such forms as Ammonites m.acrocephalus , A.
JBakericE, Goniomya v.-scripta, Modiola hipartita, Pecten lens,
Rhynchonella varians, TValdheimia obovata, &c. ; and belonging to
the Oxford Clay and Corallian Rocks we find Ammonites cor-
datu's, A.perarmatus, Belemnites abbreviatus, Cerithium muricatiim,
Goniomya v.-scripta, GryphcBa dilatata, Myacites recurvus, Ostrea
gregaria, Pecten lens, Thracia depressa, Trigonia elongata,
T. irregularis, &c.
Organic Remains,
Among the fossils of the Oxfordian strata we find remains of
the Saurians, Megalosaurus, Ichthyosaurus, Cimoliosaurus (Ple-
^iosaurus), and Pliosaurus. Mr. James Parker has a Ohelonian
bone from the upper beds of the Oxford Olay near Oxford.
Pishes are not particularly abundant : Asteracanthus, Hybodus, and
Lepidotus being the less rare genera.
Cephalopoda are abundant, and often beautifully preserved
;
and the Ammonites, as in the case of the argillaceous beds of the
Lias, furnish evidence of a general sequence of forms that appears
* Lhwyd then recorded " Nautilites modiolaris " and other fossils from " Calloway
Bridge ;" Lithophylacii Britannioi Ichnographia, 8vo. Lond. 1699, p. 18.
t Phillips has employed the term Oxonian, Geol. Oxfcid, p. 29b.
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to be well marked throughout the country, as well as in other
parts of Europe, although the limitations are not to be definitely-
fixed. Belemnites are likewise abundant, especially large speci-
mens of Belemnites Oweni, the ordinary form of which, described
by S. P. Pratt, was regarded by Phillips as the same as that
named later as B, puzosianus by D'Orbigny.* Gasteropoda,
though not numerous in species, are occasionally abimdant ; of
these Alaria trifida, Cerithium muricatum, and Pleurotomaria
depressa may be mentioned. Of the Lamellibranchs, the commoner
forms are Astarte carinata, Avicula inaquivalvis, Cucullaa con-
cinna, Goniomya v.-scripta, GryphcBa bilobata, G. dilatata,
Modiola bipartita, Myacites recurvus, Nucula ornata, Ostrea
Jlabelloides, Pinna mitis, Thracia depressa, and Trigonia (several
species). Gryphaa dilatata is characteristic of the upper beds
of the Oxford Olay, and large specimens are almost everywhere
abundant, as in the clay-clifFs north of Weymouth, and in brick-
yards opened in this portion of the formation. Lower down smaller
forms of Gryphaa occur ; and it is difficult to distinguish many of
these from the G. bilobata that is characteristic of the Kellaways
Eock.
Brachiopoda on the whole are rare ; but Rhynchonella varians,
Waldheimia obovata, and W, impressa are locally abundant. The
Crustacea include species of Eryma, Glyphea, Magila, and
Mecocheirui. Macrurous Crustacea, as remarked by Mr. J. Carter,
are fairly abundant, while Brachyura are rare.f
Of Annelides the form Serpula vertebralis is characteristic.
Echinodermata are rare, though occasionally Urchins, Orinoids,
and Star-fishes are met with.' Corals are extremely rare, the
form Anahacia complanata being the only species recorded. No
Sponges have been found. A number of Foraminlfera are
known ; but no recognizable species of Plants, although foliage
of Araucarites, abundant remains of Coniferous wood, and also of
Oycads have been found in places.
On the whole the mass of the strata indicates fairly deep water,
so far as terrigenous deposits are concerned. The abundance of
drift-wood or lignite, in the Oxford Clay of Trowbridge, led
Mantell to speak ofthe formation as of ''fluvio-marine " character ;{
but the occurrence of such material is no definite indication of the
proximity of land. §
Zones,
In determining the chief palaeontological divisions, or zones. It
is most desirable to adopt, as indices, those forms which are widely
* British Belemnitidse, 1865, p. 120. Prof. Pavlow on the other hand keeps the
tT^o forms distinct and adopts the spelling B. puzosi, Bull. Soc. Imp. Nat., Moscow,
1892.
t Quart. Journ. Geol. Soc., vol. slu. p. 658.
J Phil. Trans., 1848, p. 172.
§ See Memoir on the Lower Oolitic Rocks, p. a.
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distributed, even if locally we find other epecies more abundant.
Acting on this principle, the following zones are adopted :
—
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places, at any rate, the Oxford Clay of that county incltides strata
belonging to the zones of A. orndbtus and A. cordatus.*
On the Continent the Callovian formation has sometimes been so
extended as to take in beds with A. Jason, and occasionally even beds with
A. Laniberti. This seems a quite unwarranted stretching of a formation
to suit local stratigraphy, and in defiance of its original significance.
Thns Oppel includes,! above his " Macrocephalus-hett," first the " Anceps-
hett," and then the " Athleta-bett." These zones of A. anceps and A.
ai^Zato were grouped together as " Schichten des Amm. ornatus " (Ornaten-
ihone of Quenstedt, 1843). They include the " Ornati group " of Ammo-
nites, A. Jason, and var Chdielmi, A. EUnahethce, A. Buncani, &c. ; forms
which characterize our Lower Oxford Clay; and we may group very
properly this portion of the formation as the zone of Ammordtes ornatus.
Linking together the lower and upper portions of the Oxford Clay are
the beds with Ammonites Lamberti—a fossil that is sometimes given as a
zonal index. Locally in this country it is convenient to speak of the zone
or sub-zone of A. La/mberti.
Beds equivalent to the highest portion of our Oxford Clay were placed
by Oppel with the Corallian formation, the lower portion of which he
termed the Oxford group. J This group was spoken of as the zone of A.
biarmatus ( a form considered to be near to A. perarmatus,^ but not other,
wise recognized in this country) ; and among the characteristic fossils,
Oppel notes A. Lamberti and A. cordatus. The last-named species, as well
as A. perarmatus, serve to connect the Oxford Clay with the Corallian
Eocks, but we may be content to group the highest stage of our Oxfordian
formation as the zone of Ammonites cordatus. It is a species that charac-
terizes the uppermost beds of clay. It is a variable form, and appears lo
be linked with A. Lamberti and A. vertebralis ; but its employment as a
zonal index is very widely adopted.
The ranges of some species of Ammonites are subject to much
local variation ; thus A. BakericB was found by T. Roberts wiih
A. cordatus in Huntingdonshire; and A. pKcaiili.s (a Corallian
species) is recorded from the Kellaways Beds of Yorkshire, and
also by Mr. E. T. Newton, from the Oxford Clay in the Swindon
boring, and elsewhere. These occurrences, natural enough, do
not interfere with the general succession of forms, and the
prevalence of particular species at certain horizons.
The basement-clay, or Kellaways Clay, that, over great part of
the country, occurs below the sandy beds of the Kellaways Rock,
was recognized by William Smith (see p. 29), and was noticed by
Oppelll as the " Clay with nodules " (of Trowbridge), beds
described by R. N. Mantell, and said to contain Ammonites
gowerianus, A. Kc&nigi, A. modiolaris, and A. macrocephalus.
I have found this clay present, wherever sections occur,
throughout the country, having generally a thickness of 10 or
12 feet, and occasionally as much as 20 feet. It is a grey or
greenish clay, not usually of a shaly character, and it contains a
good deal of selenite. Fossils are by no means abundant, and
they are often crushed; they include Ostrea, Waldheimia,
Rhynchonella various, Serpula tetragona, and S. vertebralis.
* See Fox-Strangways, Jurassic Kecks of Yorkshire, vol. i. pp. 274, 277, 295.
t Oppel, Die Juraformation, pp. 507, 519 ; see also A. Kiche, Etude Stratigr.
Jurassique Inf. du Jura Merid., Ann. Univ. Lyon, vol. vi. 1893.
I Oppel, Die Juraformation, pp. 506, 517, 534, 624, &c.
§ Fox-Strangways, Jurassic Eocks of Yorkshire, vol. i. p. 293.
II
Die Juraformation, p. 517.
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Thia clay is no doubt approximately on the same horizon as
certain dark shales, 6 to 8 feet thick, that overlie the Cornbrash
limestone in Yorkshire. Mr. Fox-Strangways remarks that
" These which are the so-called ' Clays of the Cornbrash ' are
very similar in petrological character to the lower part of the
Oxford Clay, and no doubt foreshadow the physical conditions
of that deposit." With regard to the fossils he adds that " most
of the species have a wide range, and are consequently of little
value."* They include Ammonites macrocephalus, Avicula
echinata, Modiola cuneata, Waldheimia lagenalis, &c.
Fig. 1. Fig. 2.
Ehynchonella varians, Sohlofh^^.
Ammonites macroceplialus, Schloth, 5.
The following are the more abundant and characteristic fossils
of the Oxfordian strata, the species inentioned being prevalent in,
but not necessarily confined to, particular zones :—
Zone oi Ammonites calloviensis.
(Kellaways Beds.)
Ammonites Bakerias (Fig. 6).
calloviensis (Fig. 6).
gowerianus.
Koenigi (Fig. 4).
macrocephalus (Fig. 1).
modiolaria (Fig. 3).
Belemnites Oweni (Fig. 14).
Alaria trifida (Fig. 7).
Area semula,
subtetragona.
Avicula ovalis.
Cardium cognatum.
Corbula Macneilli.
Goniomya v.-scripta.
Gryphasa bilobata ( Fig. 8).
Isocardia minima.
Lucina despecta.
rotundata. j.
Modiola cuneata.
Myacites recurvus.
Pecten fibrosus.
lens.
Pholadomya acuticosta.
Ehynchonella varians (Fig. 2).
* Jurassic Eocks of Yorkshire, vol. i. p. 263 ; see also H. B. Woodward, Memoir
on the Lower Oolitic Kocks, pp. 431, 434.
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lowbk oxfobdian fossils.
Fig. 3. Fig. 4.
Fig. 6. Fig. 7.
Fig. 6. Fig. 8.
Tig. 3. Ammonites modiolaris, Lhwyd,
» 4. „ Koenigi, Bow. f.
), 5. „ calloTiensis, Sow. f.
„ 6. ,, Bakeriae, d'Orb. }.
,,
7. Alaria trifida, Fhil.
„ 8. Gryphsea bilobata, Sow. ^.
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Middle Oxpoedian Fossils.
Fig. 9.
Fig. 10.
Fig. 11. Fig.
12.
Fig. 9. Ammonites Dunoani, Sow. 1|
,,10. ,, orenatuB, Brwg.i
,,
11.
,,
Jason, Uein. 4.
,,
12. „ Lamberti, Sow. \
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Upper Oxfobdian Fossils.
Fig. 13. Fig. 16.
Fig. 15. Fig. 17. Fig. 14.
Fig. 13. Ammonites cordatus, Soi». f
.
„ 14. Belemnites Oweni, Pratt, J.
J, 15. hastatus, Bhdiw. J.
„ 16. Gryphsea dilatata, Sow. i.
„ 17. Serpula vertebralis. Sow. Nat. size.
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Zone oi Ammonites ornatus.
Ammonites anceps.
athleta.
crenatus (Fig. 10).
Duncani (Fig. 9).
ElizabethiB.
hecticus.
Jason (Fig. 11\
~— var. Gulielmi.
Lamberti (Fig 12).
Marias.
Belemnites Oweni.
Belemnoteuthis antiquus.
Cerithium muricatum.
Area subtetragona.
Avicula inffiquivalvis.
ovalis.
Cucullaea concinna.
Gryphsea dilatata (small forms)
(Fig. 16).
Leda Phillips!.
Nucula omata.
Zone of Ammonites cordatus.
Ammonites cordatus (Fig. 13).
var. excavatus.
Lamberti (Fig. 12).
perarmatus (Fig. 25.).
vertebralis.
Belemnites hastatus (Fig. 15).
Oweni (Fig. 14).
Gryphaea dilatata (largefforms)
(Fig. 16). ^ :
Modiola bipartita.
Thracia depressa.
Waldheimia impressa.
Serpiila vertebralis (Fig. 17).
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Zone of
A. ornatus.
OHAPTEE III.
OxFOED Clay and Kellawats Kook.
Local Details.
Weymouth.
The Oxford Clay is well exposed in the cliffs bordering
Weymouth Bay, in the railway-cuttings and cliffs adjoining
Eadipole Lake, and along the shores of the East Fleet. Putting
together the observations made at different points we find the
following sequence :
—
f4. Bluish-grey clay with small cement-stones, and
I
reddish coloured irregular septarian nodules
Zone of
I
("kidney-stones"). Large specimens of Cfry-
Ammonites •{ phcea dilatata are especially abundant, also
cordaiw. I Ammomtes cordatus, A. vertebralis, A. perar-
matus, Modiola hvpa/rtita, Myacites recurvus,
\ &c.
3. Clays with small pyritic Ammonites : A. athleta,
A. hectietts, A. Lamherli, A. Marioe, and Belem-
nites hastatus, Alaria trifida, AviculainoBquival-
vis, Oardiwm Orawfordi, Nucula ornata, Thracia
depressa, Fentacrimis, &c.
2. Grey, greenish-grey and lilac rusty shales and
paper-shales, with fragile fossils: Ammonites
HUzobbethne, Avioula ovalis, A. inceqmvalvis,
small Oryphaea, &o.
„
P fl. Clay with occasional thin bands of flaggy cal-Zione o
_ j careous sandstone, and large septaria : OstreaA.cauoviemis
^ (small). [A. modiolaris, A. macrocephalus, A.
^^ J T*^ I Koerdgi, &c., have been recorded from "Wey-iieos;.
1^ month.]
The total thickness of the Oxford Clay in this area is about
500 feet, calculated in drawing the section, Fig.52, p. 93, but there
are no data for stating it with precision. In this estimate the
upper clays (No. 4) would be about 250 feet thick.
The most easterly exposure of the Oxford Clay is on the coast
between Black Head and Redcliff Point, to the west o£ Osmington.
The beds rise in an anticline, and support on either side of it the
Corallian Rocks, whose lowest member, the Nothe Grits, may
be seen to rest immediately on the Oxford Clay. The Grits
contain iu some abundance Gri/phcBa dilatata a.nd. vanetiea o? it,
a form so characteristic of the upper beds of the Oxford Clay.
In the central portion o£ this cliff, we have lower beds exposed
(No. 3) with numerous small pyritic Ammonites and other fossils
;
the higher beds (No. 4) here, and elsewhere along the coast
towards Weymouth, contain very many specimens of Gryphcea
dilatata, including the finest examples I have seen. Other fossils,
especially Modiola bipartita, occur in these beds, and occasionallj^
impressipns of Plants may be found.
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At Eedclift" Point a mass of Oxford Clay (with G. dilatata),
capped by traces of the Nothe Grits, is faulted against the
Corallian Rocks, the headland being protected by tumbled blocks
of these newer strata.
The upper beds of the Oxford Olay again appear at the base of
E.edcliff, and they form the cliffs below Jordon Hill.* They
consist of marly clay, which Is shaly in places ; it is generally of
a dark slaty-blue colour at the base, Jbecoming greenish-grey,
brown or reddish-brown towards the surface. Below the coast-
guard station at Jordon Hill, beds of bluish-grey clay, with small
hard cement-stones, are to be seen dipping northward towards a
fault, which is indicated in the clay by veins of calc-spar showing
slickensides.
Reddish nodules with white calcareous veins, known as " kidney-
stones," occur on the beach at Redcliff and Jordon Hill ; they
consist of hard cream-coloured septarian cement-stone with a
shell of reddish-brown ironstone, and are derived from the Oxford
Clay.
Ga.9ii oi Modiola omA. Astarte maybe found in these nodules.
Damon notes the presence of a Serpula-bed, with Vermilia sulcata,
in the clay of Jordon or Furzy Cliff. At Green Hill, to the south
of Lodmoor, there are low cliffs of Oxford Clay, of a yellowish-
brown colour, in which septaria occasionally occur. Damon records
.from these beds bones of Saurians, and scales of Lepidotus, also
the following species :
—
f
Ammonites athleta.
cordatus.
gowerianns.
Koenigi.
^ Begiualdi.
—
— vertebralis.
Belemnites hastatus.
Belemnites Oweni.
Cerithium Damonis.
Gryphsea dilatata.
Nncula ornata.
Serpula vertebralis.
Vermilia sulcata.
Pentaorinus Fisheri.
Judging from the list, we here have portions of the zones of
A. ornatus and A. cordatus ; but the beds are now much concealed
by debris, shingle, and by the extension of the esplanade.
The upper beds of the Oxford Clay were exposed at the
Weymouth Brick, Tile, and Pottery Works, on the western side
of Eadipole Lake and north of the railway. Here blue and
mottled clay was exposed, yielding Ammonites cordatus,. A. perar-
matus, and Gryphaa dilatata. Messrs. Blake and Hudleston
note also Ostrea gregaria and Serpula tricarinata from the uppe^
beds at Weymouth.
J
On the margin of the Lake we find clays with selenite and
ferruginous cement-stones, yielding Ammonites Lamberti, A.
Marias, G. dilatata, &,o.
Shales were exposed further north, but they were better seen
on the opposite side of the Lake, in the railway-cutting north of
Weymouth Station. There we have grey and greenish rusty
* The site of the Roman Station, Clavinium.
t Geology of Weymouth, 1884, p. 30.
j Quait. Journ. Geol. Soc, vol. xxxiil. p. 263.
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shales and paper-shales, with bands of small cement-stones ; and
these beds have yielded Ammonites Elizabethee, Avicula ovalis,
Nucula ornata* &c., but the specimens are so fragile that I failed
to preserve any of those I obtained.
On the north-eastern shores of the Lake we find the lowest
beds, consisting of shales with bands of small oysters, Gryphcea,
and thin layers of hard flaggy and sandy limestone—a poor
representative of the Kellaways Rock. Large septaria occur
here.
At Kadipoie Damon obtained remains of a new Starfish,
Ophioderma weymouthiensis.'\ He has given a long list of fossils
found in the Oxford Clay at Eadipole and sX Ham Cliff, but
as the particular horizons are not noted, it is unnecessary to
enumerate them now, as they will be included in the general
Catalogue of Fossils, in the Appendix.
It was remarked by Buckland and De la Beche that under the
Barracks at Radipole, the Oxford Clay at one time " presented at
low-water, a pavement of large and beautiful Septaria, known
provincially by the name of Turtle Stones. The veins of these
Septaria are filled with yellow semi-transparent calcareous spar,
often passing into a rich deep-brown colour ; their beauty, when
polished, has, within these few years, caused the greater part of
them to be taken up and manufactured into slabs and tablesV'J
Referring to these septaria Damon has remarked that " micro-
scopic examination has detected the laminse of the hardened
clay to be parallel to the laminse of the shale or marl in
which the stones are enclosed. In some, where the crystallisa-
tion is incomplete, and a space remains, water is found, which
either originated with the formation, or has been drawn by
capillary attraction into minute fissures from the exterior." He
also drew attention to the finding in the Oxford Clay of Radipole
of " the trunk of a fossil tree,'3 feet in length, 6 inches in diameter,
from the centre of which the spar radiates to the exterior of the
trunk, which is surrounded by similar spar. From this outer coating
there are other radiating septa passing into "the indurated clay or
matrix, forming when cut, a circular section of Septaria, having
the fossil trunk for its centre." §
Damon records a number of fossils that were met with in
deepening Weymouth Harbour. The upper beds of the Oxford
Clay have been exposed at low-water on the south shore of the
Harbour, beneath the Nothe Grits (Corallian). The species
include Ammonites cordatus, and A. vertebralis, but also other
fossils, some of which are characteristic of the Kellaways Beds.
Hence it is not improbable that among them were forms drifted
down from the lower beds that outcrop on the borders of Eadipole
Lake.
* Many fossils were observed by Capt. L. L. B. Ibbetson, soon after the cuttings
were made.
t Supp. to Geology of Weymouth, Ed. 3. 1888, Plate XVIf.
J Trans. Geol. Soc, Ser. 2, vol. iv. p. 28.
§ Geol. 'Weymouth, 1884, pp. 26, 27.
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The Oxford Clay is exposed in low cliffs on the horders of the
East Fleet, but the beds are not well shown throughout the tract,
there being intervals where no section occurs.
West of Wyke Regis the upper portion of the Oxford Clay
is exposed below the Nothe Grits, and there Ammonities cor-
datus, A. vertebralis, Modiola bipartitu, Myacites recurvus, and
large specimens of Gryphma dilatata are met with on the
foreshore, together with ironstone and other nodules. To the
north-west, many specimens of G. dilatata are met within the
promontory of Furzedown. Further on clays with ironstone-
nodules occur east of Tidmoor Point ; Pentacrinus likewise occur?,
and a few large specimens of G. dilatata.
At the western part of Tidmoor Point, clays with selenite are
exposed, and numerous fossils are met with, including many
small ferruginous Ammonites, A. athleta, A. hectlcus, and A.
Lamberti, Belemnites hastatus, Cerithium, Avicula inrnquivalvis,
Gryphcea, Nucula ornata, and Pentacrinus. These beds and
portions of those below, belong to the zone oi Ammonites ornatus.
Hounding the point we find, on the northern side, blue clay
weathering brown, with small species of Gryphcea, and Belemnites.
In the low cliiF and on the shore in the centre of the bay, shales
are exposed.
East of the point south of East Fleet, shales with septaria
are shown in the cliff, and at the point itself there is a i)lat-
form of clayey shale with a few fossils ; Avicula incequivalvis,
Gryphma, and Ostrea. On the western side of the point the beds
undulate a little and here lilac rusty shales, and paper shales with
selenite, fragile Ammonites, ^rca and other small bivalves occur;
also large septaria, one of which measured 4 feet across. Beyond,
the beds are obscured by recent accumulations, and the junction
with the Cornbrash is faulted ; hence we have no information
here with regard to the Kellaways Beds.
At the brickyard south of West Ohiokerel, the lower Oxford
Clay (zone of Ammonites ornatus'), consisting of brownish-grey
rusty shales, was exposed. Avicula ovalis, and many small fossils
were to be found.
On the northern side of the Weymouth anticline, between
Broadway and the Swannery at Abbotsbury, we find a long vale
of Oxford Clay, but no sections of interest, with the exception of
one to the south of Eodden. There the Cornbrash and Kellaways
Beds were shown in a pit on the east side of the road leading
towards Langton Herring. The Kellaways Beds consisted of
sandy and shelly shale, overlaid by bluish mottled clay, with
Waldheimia and Serpula.*
The Ridgeway cutting of the Great Western Railway,
which crosses the great fault north of Upway, brought to
light a mass of Oxford Clay and also beds or " blocks " of
Cornbrash, the occurrence of which was first pointed out by
C. H. Weston. (See Fig. 132.) The Rev. O. Fisher had indeed
* See Memoir on the Lower Oolitic Bocks of England, p. 436.
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previously seen the section, in 1846, and he has remarked on the
abundance of the Gryphoea dilatata* Weston obtained a
number of fossils from the Oxford Clay, and these which were
named by Sowerby, included the following species :
—
f
Ammonites arduennensis. Grryphaea dilatata.
Maris. Modiola bipartita.
perarmatus (catena). Thracia depressa.
It is curious tliat the Oxford CJay, judging by the above
fossils, should be represented by its middle and upper portions,
while the Corubrash occurred in proximity ; but the facts
indicate that long previous to the great fault, the Jurassic
strata were displaced by an earlier fault, which brought the
Purbeck and Wealden strata against the Cornbrash and Oxford
Clay ; and that the beds were denuded prior to the overlap of
the Upper Greensand and Chalk Alongside the fault no doubt
the Oxford Clay and Cornbrash were disarranged. This view
of the case I brought before the Geologists' Association during
an excursion in 1889 made under the guidance of Mr. Hudleston,
who remarks that " the old line of disturbance seems to have
become a line of weakness in post- Cretaceous times, although the
direction of the throw must have been reversed."! In the
section across Abbotsbury drawn by Mr. Strahan (Fig. 52, p. 93)
it will be noted that the Forest Marble on the north is brought
abruptly against Kimeridge Clay, &c., on the south, so that from
the Oxford Clay of the Kidgeway cutting there is a descending
series beneath the Cretaceous rocks as we proceed to the south-west.
Over the area to the north, the Oxford Clay directly underlies the
Cretaceous rocks, perhaps beneath much of the ground south and
south-west of Dorchester. We find an inlier of Oxford Clay,
mapped by Bristow, at East Compton ; and again in the higher
part of the Bride or Bredy valley, there is Oxford Clay, the
occurrence of Gn/phaa dilatata being noted to the south-east of
Long Bredy. This latter tract is very much faulted.
A boring made at East Oompton in 1855 passed through rook and sands
(Upper Greensand) to a depth of 170 feet (including 40 feet sunk), when a
small amount of water rose to the level of the boring (40 feet from the
surface). Some sandy beds, but mainly blue clayey material, were after-
wards penetrated to a depth of 80 feet (in Oxford Clay probably), and no
further supply of water was obtained.
The most westerly tract of Oxford Clay in South Dorset is
that exposed near Chilcombe. Gryphcsa dilatata was noted by
Bristow on the western side of Hammerdon Hill, while on the
south side there was an old brickyard, which showed bluish-
grey and purplish shales and clays with septaria. Beds of this
character were penetrated to a depth of about 40 feel near Lower
Sturthill.§
* Barnes, Guide to Dorchester, 1850 or 1851, pp. 30-32.
t Quart. Journ. Geol. Soc, vol. iv. p. 250 ; -vol. viii. p. 116.
j Proo. Geol. Assoc, vol. xi. p. lii.
§ See Barrett, Geology of Swyre, &c., 1878, p. 12. The heds were stated to he
Lias, with Gryphaia incurva and Hippopodium ponderosum ; these were probably
the Oxfordian Ctryphcea and Modiola.
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Vale of Blackmore.
Oxford Clay probably occurs directly beneatli the Cretaceous
rocks between Cerne Abbas and Maiden Newton, although it is
most likely that the underground tracts are considerably faulted.
Near Rampisham and again to the north of Corscombj small
areas of Oxford Clay are shown on the Geological Survey Map
;
and to the east and north-east of these tracts we enter upon the
main outcrop of Oxford Clay, an area which under the name of
the vale of Blackmore extends in a broad belt to Wincanton, and
thence onwards into Oxfordshire.
In this tract the beds are opened up here and there for the
manufacture of bricks, tiles, and drain-pipes, and occasionally, as
at Melbury Osmund, for the making of ornamental bricks and
flower-pots.
The upper beds consist of blue and brown clay, with ferruginous
nodules and occasional septaria. These were exposed in the
Holnest brickyard situated to the north-east of Totnell corner,
where I obtained Ammonites vertebralis, Exogyra, and Gryphaa
dilatata; and in the brickyard north of Marnhull Street, where
G. dilatata also occurs. This same Gryphcea is found at
Chetnole, and in the beds worked to the west of Remedy south
of Hilfield Lane, and at Middlemarsh, south of Molnest. At the
brickyard north of the Buck's Head, east of Melbury Osmund,
and in that of Kingstag, near Haselbury Common, I obtained
no fossils. Specimens, however, have been obtained to the south
of Pulham, but no section was to be seen at the time of my visit
in 1885. Some records of well-borings in this neighbourhood are
given in the chapter on Water-siipply (p. 332).
In the lower Oxfordian beds there are but few openings. At
Weston, between Sutton Bingham and Closeworth, the following
section was exposed :
—
Ft. Is.
' Thin flaggy beds of rubbly and sandy
limestone - - - 1 to 2
Brown and mottled loamy clay with^
(near the top) a layer yielding many
fragile and crushed specimens
Waldheimia and Serpula
L Dark blue loamy clay - - _
Gombrash - Bine-hearted earthy limestones - 3
This section corresponds with that seen between Rodden, south
of Portisham, and Langton Herring. A somewhat similar
section of clays overlying Combrash limestones, and filling pipes
in the rock, was exposed in a quarry south-east of the Barn,
between Closeworth and Melbury Osmund.
Further on, past Sturminster Newton and Stalbridge to
Wincanton, I have no records of wells or borings. Ammonites
Lamberti has been found at Lydlinch, and Gryphaa dilatata at
Bagber. The upper beds of the Oxford Clay have been worked
in a brickyard south of Fifehead Magdalen ; and they were shown
at the entrance to the Kingsmead Tunnel on the London and
South-Western Railway, east of Buckhorn Weston,
Kellaways
Beds. m
i
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Wincanton to Frame.
From the neigbourhood of Wincanton the vale of Oxford Clay
extends along the foot of the Cretaceous escarpment of Penzlewood
(Pen Selwood) and Stourhead to Witham Friary, Longleat, and
Rodden, near Fronie.
Near South Brewhani; a boring in search of coal was made
many years ago, in spite of remonstrances from William Smith.
The speculators, as we are told by John Phillips, proceeded at a
ruinous expense through the Oxford or " clunch " clay, and the
Kellaways Rock, with Gryphcea bilobata, till they entered the
rocks of the Oolitic Series.* It is probable that the Kellaways
Sock forms the gentle escarpmeni that rises above the Cornbrash
to the south of South Brewham.
In more recent years (1867-68) another fruitless search for
coal was made by J. Oxley, about a quarter of a mile south of
Witham Bridge, Witham Hole, and to the north-east of Witham
Friary. The details of the boring have been published by Prof.
Prestwich,t but, from his grouping of the strata, which was very
doubtfully given, and also from that of H. W. Bristow,t I venture
seriously to differ. The record is as follows :
—
Boeing at Witham Fkiaky.
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is reason to think that 220 feet is quite a sufficient thickness to assign to
the Oxford Clay ; the litliological definitions of the borer must naturally
be interpreted.
We have thus evidence of the Kellaways Kock in this region ;
and indeed its prpsence near "Witham Friary and Marston Bigot
was long ago noticed.* The upper beds of the Oxford Clay,
dark grey and rusty clays, yielding Gryphcea dilatata, and
Myacites, were worked in a brickyard south-east of Upper Holt,
on the southern side of Witham Park.
The lower beds of the Oxford Olay were exposed in the rail-
way-cutting south of Rlatchbridge, near Frome, and again between
Feltham and Fulbrook Farms, where clay, with nodules, and small
specimens of Gryphcea dilatata were observed. At the brickyard
on Rodden Hill, blue shaly clay with selenite was exposed ; and
shaly and sandy clays with ironstone-nodules were seen near the
old mill by Rodden Down. No fossils, however, were to be
found.
Trowbridge and Melksham.
The area extending from Road to Melksham and Laycock
Abbey forms another portion of the great vale of Oxford Olay.
In a brickyard east of Road, clays with septaria were exposed to
a depth of 8 feet, the lower beds being grey and the higher
mottled yellow, grey, and red, with a surface-soil of brown loamy
clay. Avicula incsquivalvis, Gryphcea (small specimens), Ostrea,
and a cast of Trigonia irregularis were here obtained. These
beds probably overlie the Kellaways Rock, which was stated by
Townsend to occur on Road Oommon.t
The neighbourhood of Trowbridge has afforded several in-
teresting sections of the Kellaways Beds. Some of these, opened
up during the construction of the Wilts and Somerset (Great
Western) Railway, were described by Reginald N. Mantell, the
Resident Engineer of the lincf
Overlying the Cornbrash on the south side of Trowbridge
there were "seen, in ascending order : blue clay, Kellaways
Rock, and then clays and bituminous shales with remains of
Saurians, Lepidotus, &c., many Ammonites, Belemnoteuthis, and
other fossils. Dr. Mantell, who described some of the fossils,
mentioned the occurrence of a fossil tree in the blue clay over-
lying the Kellaways Rock, and observed that " Trunks and
branches of Coniferous trees, from 10 to 20 feet in length,
and from a few inches to upwards of a foot in diameter, were
abundant ; a few traces of the foliage of Cycadaceous plants, and
of Araucarise, were likewise met with."§
The beds, indeed, like those of Christian Malford, yielded foss'ds
by the hundred ; and the strata, when first laid bare, were seen
literally to be studded " with the nacreous cones of Belemnoteuthes,
and the splendid iridescent shells of Ammonites ; while here and
there Belemnites of large size, with their phragmocones attached,
Townsend, Character of Moses, p. 143.
t Character of Moses, p. 148.
X Qaart. Journ. Geol. Soc, vol. yi. p. 312.
§ G. A. Mant«n, Phil. Trans., 1848, p. 172.
« 82428, O
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were lying in relief."* Tiny Ammonites and Belemnites occurred
in clusters, and with these were associated the plant-remains
before mentioned.
The following series of beds, recorded by K. N. Mantell, was
exposed in the railway-cutting near Studley :
—
Ft. In.
Oxford Clay.
Zone of
Ammonites
ornatus.
<
Kellaways
Beds.
Crumbly shaly marl, witli Serpula
vertewalis - . . -
Shaly marl, with Belemnoteuthis (abun-
dant) - - - - -
Strong slaty clay, with pyritic sepfcaria
;
and numerous examples of Ammo-
nites, Belemnites, &c.
Slaty clay with many specimens of
Alaria {BosteUa/ria), and driftwood -
Bock with Am. Beginaldi
Slaty clay with Amm,onites, Belemnites,
Belemnoteuthis (rare), and lignite
Crumbly stone . - - -
Strong clay with foSsils
Slaty clay, with Ammonites Jason,
Belemnites, Belemnoteuthis, and
lignite ....
Clay . . . . -
Sandstone and sand, &c.
\Clay ... [10 0tol2
Combrash.
9
6
10
0]
Kellaways
Beds.
In.
South of Upper Studley, Trowbridge, the following section w as
to be seen in a disused brickyard :
—
Ft.
'Clay, brown at top, and mottled red in "I
places - - - - - >
Unctuous pale grey clay with selenite J
J Hard grey sandy limestone or cal- "|
} careous gritty sandstone, with band I
j of se'ptarian linaestone and irregular |
I
shelly limestone ; many fossils -J
(_Oohreou8 clay.
A little further south, about half-way between this brickyard
and Southwick Bridge, another clay-pit has been opened in grey,
brown, and red mottled clay, with small ochreous galls, resembling
the top beds in the above section and also those displayed near
Eoad.
Probably the lowest clay was exposed in the brickyard west of
Lower Studley, and south-west of ^JVowbridge : it contains a band
of septaria. To the north-west of the railway-station a brickyard
clearly shows these lower beds as follows :
—
Kellaways
Beds.
fHard flaggy and calcareous sandstone
I
and sandy layers, with many fossils,
I (as at Upper Studley).
^ Unctuous blue clay (weathering
I
yellowish-brown) with much selenite
and a band of septaria; seen to a
L depth of - - - -
The Combrash would probably be reached
in a foot or two.
Ft. In.
10
» G. A. Mantell, Phi). Tram., 1848, p. 1 74 j and B. N. Mantell, Quart. Jonrn.
Geol. Soo., vol. vi. p. 314.
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The accompar.ying section (Fig. 19) shows the general
arrangement of the strata. The precise horizon of the Oxfordian
clay in the trougli-fault is not quite certain. Mantell records
from it Ammonites Koenigi, so that it probably belongs to the
lower beds.
The following fossils have been obtained from the Oxfordian
Beds of Trowbridge :
—
Kellaways Beds.
Ammonites calloviensis.
X Koenigi.
macrooeplialias.
modiolaris.
Anoyloceras calloviense.
Alaria bispinosa.
Cerithiiim. muricatum.
X Area Quenstedti.
subtetragona.
Aetarte carinata.
X Avicula braamburiensis.
X ovalis.
Oardium cognatum.
X Corbula Maoneilli.
X Cucullfea ooncinna.
X GryphEea bilobata.
X dilatata (small).
Isocardia minima.
Leda Pbillipsi.
Modiola bipartita.
X Myaoites reourviis.
X Ostrea gregaria.
Pecten demissus.
X fibrosus.
X lens.
Pholadomya acuticosta.
Mnrohisoni.
X Trigonia.
Waldheimia ornitbocephala.
X Crustacean (claw).
.
Shales (Zone of Ammonites ornatus).
Ammonites attleta.
Cbam.iigseti.
gowerianus.
Eecticus var. lunula.
Jason.
Koenigi.
modiolaris.
Keginaldi.
Belemnoteuthis autiquns.
Belemnites abbreviatus.
Oweni.
Nautilus.
Avicula expansa.
Leda Phillipsi.
Modiola bipartita.
Serpula.
Most of tliese species were collected by E. N. Mantell, and named by
Morris ;* those marked X were collected by Mr J. Rhodes and myself.
Fig. 20.
-e-
Bluish-grey clays with much selenite were
,
exposed in the brickyards north of Islington,
Trowbridge ; and Kellaways Eock was noted
by Wm. Smith, in the Kennet and Avon
Canal near Lady-down Farm, between Trow-
bridge and Staverton.
<^ypridea spinigera. Sow.
Prof T. Rupert Jones informed me that a curious Ostracod,
like Cypiidea spinigera of the Wealden Beds, and recorded also
from Oligocene strata, had been obtained from a dark-coloured
clay brought by E. N. Mantell from one of the Trowbridge
railway-cuttings (Fig. 20). No Microzoa, however, were to be
* Quatt. Journ. Geol. Soc, vol. vi. p. 315.
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found in specimens of the Oxford Clay (from this neighbour-
hood) which I forwarded to Prof. Jones for examination.*
The lower Oxfordian beds were exposed in a brickyard at
Holt, where Mr. Rhodes obtained Myadtes recurvus and Area
Quenstedtil Lonsdale notes Kellaways Rock at Whitley, near
Melksham.f ^
The record of a well sunk in 1816, for the Melksham Spa
Company, afforded an interesting section of the middle and lower
beds of the Oxfordian formation of this district.} It may be
summarized as follows :
—
OxfordClay
and
Kellaways
Beds.
Cornbrash
132
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The Kellaways Kock has been observed near Bay (or Eey)
Bridge, Laycock. Specimens of calcareous sandstone from this
locality are preserved in the Museum of Practical Geology; they
contain Ammonites Kanigi, Isocardia minima, Rhynchonella imrians,
and Waldheimia obovata.
Chippenham, Kellaways, and Christian Malford.
The various beds of the Oxford clay, including representatives
of the Kellaways Eo^k, have been exposed in several brickyards
in the great vale that extends from Chippenham to Oxford. In
this area is included the old Forest of Braydon, of which but small
remnants now exist in the country between Malmesbury and
Wootton Bassett. Judging from the evidence I have been able
to gather, the following appear to be the chief local divisions :
—
Ft. In.
'Grrey and lead-coloured clays, with
occasional gritty bands, iron-stone
nodules, septaria, andselenifce: Ch'y-
phma dilataia (abundant) - » 300
Dark laminated clays, shales, and
marls, with occasional septaria, and
pyritic fossils
.
-
-
- 200
'Bands of loamy clay, sand and cal-
careous and shelly sandstone, fossili-
ferous - - - 30 to 40
Beds^ *^| Olay, ochreous and sandy, and blue
I
clay, with much selenite and an
L occasional band of septaria 12 to 20
Oxford Clay
Kellaways
About - 560
At Foxham, 4 miles north-east of Chippenham, a boring for
water was carried to a depth of 420 feet in Oxford Clay, accord-
ing to information furnished to H. W. Bristow by John Spencer,
of Bowood. " Eock " was then reached, but whether this was
Kellaways Eock or Cornbrash was not stated. The full thickness
of the Oxford Olay is not present at that particular locality
;
indeed it cannot be less than 500 feet.*
The neighbourhood of Chippenham is a classic district for
Oxfordian fossils ; the localities of Kellaways and Christian
Malford being famous in the annals of Geology.
The name " Kelloways Stone " was applied by William Smith
to the thin fossiliferous beds of calcareous sandstone, that occur
near the base of the Oxford Clay, at Kellaways, about 2^ miles
north-east of Chippenham in Wiltshire.
A description of the rock, which was stated to be from 3 to
6 feet in thickness, was published by the Eev. Joseph Townsend,
from observations made conjointly with Smith ; and it is recorded
now the rock had been distinctly traced across country from South
Brewham to beyond Malmesbury. Nevertheless, a few of the
* See also J. Buokman, Quart. Journ. Geol. Soc, vol. xiv. p. 124.
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localities given by Townsend are erroneous, as the Lower
Calcareous Grit was in some cases confused with the Kellaways
Eock*
In reference to the Kellaways Eock (" Kelloways Stone "),
William Smith remarked that neither from thickness nor consis-
tence can it be properly called a formation, and it should be
regarded only as one of the divisions in the great clay-district
(Oxford Olay), "there being beneath this stone another stratum of
clay, which is the boundary of the great stony district called the
Stonebrash Hills " (Cornbrash, &c.). He states that the course of
the stone is known only by the few excavations in it, chiefly for
road-materials, which in a country abounding so much with clay
are very scarce. The excavations were few and shallow, and they
held water. As remarked by Townsend, the Kellaways Eock
" first attracted our notice, at Kelloway Bridge, in the high road
from Oalne, by Bremhill, to Malmesbury ; " and Smith describes
it as " brown rubbly stone, with sandy exterior ; irregular lumps,
bluer.and harder within, composed chiefly of Organized Fossils."!
Lonsdale, who subsequently saw some of the sections, notes that
the rock is a calcareous sandstone, and that while fossils are
occasionally so numerous as to constitute nearly the whole of the
stratum, they are often wanting.J
In 1886 when seeking for evidence of the Kellaways Eock, I
learnt that the small quarries have long been abandoned and
obscured, but I was fortunate in finding a section in the banks
of the Avon, near a foot-bridge about half a mile below Kellaways
Mill ; and subsequently in company with Mr. Ehodes we found
another exposure in the banks of a deep water-course, on the
western side of the river, and a little nearer to the road that leads
to Peckingel Farm. The sections showed the following beds :
—
Ft. In.
Alluvium. Loam - - - 10 to 30
TBuff sand and fissile calcareous sandstone,
K 11a a a ' with lignite and many fossils 1 to 2
R ^ ^ "^ Brown sandy clay passing down into blue^'
J
clay, with small Qryphaea; seen to
(_ depth of - . - - - 5
William Smith remarked that " In most parts the surface and
soil of this stratum [Kellaways Eock] differs but little from that
of the clay courses on each side, and that little distinction is still
further partially obscured by the soil of the calcareous alluvium
which is common to the clay vale district." This was notably
the case at South Oerney, south of Cirencester, where the extent
of the Kellaways Eock was not until lately known. The fact.
however, suggests that where marked hills overlook the Cornbrash,
or in other words, where there is a gentle escarpment of OxfordiAn
Beds above that formation, there Kellaways Eock may reasonably
be expected. Smith observed that the rock " nowhere forms any
* Character of Moses, pp. 103, 127, 148.
t Strata identified by Organized FossiU, 1816, p. 23.
j Trans. Geol. See, Ser. 2, vol. iii. p. 260.
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characteristic surface, or rarely a hill or other feature which is
distinguishable to any but those who know where to look for the
Stratum. Several small commons in North Wilts, rather sandy,
and springy, seem to be of the soil formed by the outcrop of this
Stratum, whose course is but partially defined ; " while hollowr-
ways, " in roads across the course of this Stratum, but little sunk
beneath the surface of the adjoining lands, seem to indicate its.
site," He adds, that "Selenite is very abundant in the clay,
above it ; bituminous wood, and a brown aluminous earth below
.
it. There is great reason to believe that the mineral waters of
the lower part of the clay vale series are from this stone, or some
contiguous part of the clay above or below it."* This was the
case at Holt, as previously mentioned.
The Kellaways Eiock no doubt helps to form the feature that
rises from near Peckingel Farm on the borders of the Avon, and
extends above Cocklebury Farm and across the Great Western
Railway to the north-east of Chippenham Station. Sandy layers.
are shown in the cutting of the Calne branch-railwaj'' . near
Chippenham, but the banks are mostly obscured. "" .
According to Bristow's notes, sands with an occasional inter-
rupted bed of stone (Kellaways Rock), were found, at depths of
7 to 12 feet, beneath clay and surface-soil at the Chippenham
Cemetery. The beds were also exposed to the south of the town,
in a cutting at the Rifle Butts, between the river and a branch of
the W^ilts and Berks Canal, east of Rowden Farm. There grey
micaceous clay with sandy layers occurs ; Ostrea gregaria, and
Gryphaa bilohata are abundant, and Belemnites sulcatns, Avicula
incequivalvis, and A. ovalis likewise occur. The locality was
mentioned by William Smith.
Other indications of Kellaways Rock, at Tytherton Lucas,
Christian Malford, and Dauntsey House, were mentioned by
Smith ; and Brinkworth Common, and Blick's Hill, near Malmes-
bury, were noted by Townsend. It is probable that at some of
these places the beds were proved in the sinking of wells. -
The occurrence of Kellaways Rock was proved by Mr. T.
HoUoway, of Chippenham, at Little Somerford (Somerford Parva)
;
and two Ammonites were kindly sent by him to the Museum at
Jermyn Street. These proved to be Ammonites Bakerice (9 ins.
diam.) and A. gowerianus. They were obtained from a depth of
7 feet, in the drainage of a new burial ground, south-west of the
village, and north of the turning to King's Mead Mill. The ro6k
was a hard calcareous sandstone 2 ft. 6 ins. thick, embedded' iii
sand, and below there was evidence of clay.
The following is a list of the fossils collected from the Kellaways
Beds of Kellaways and Chippenham, by Mr. John Rhodes and
myself :
—
Ammonites Bakerise.
calloviensis.
—
'
— gowerianus.
Koenigi.
Ammonites Marise.
modiolaris.
Ancylooeras calloviense.
Belemnites Oweni.
* Strata identified by Organized Fossils, 1816, p. 23.
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Belemnites sulcatus.
Alaria triflda.
Bourguetia (*'• Phasianella ")•
OeritEinm Oulleni.
Natica punctura.
Turbo ArcMaci.
Anatina.
Area semula.
Quenstedti.
Bubtetragona.
Astarte oarinata.
Avicula braamburiensis.
—
— inssquivalvis.
Miinsteri.
ovalis.
Cardium cognatum.
—
— Orawfordi.
Corbula Macneilli.
CuouUsea ooncinna.
Grervillia.
Goniomya v.-scripta.
G-rTphsea bilobata
,
dilatata.
Isooardia minima.
Lima.
Lithodomus.
Lucina despeota.
rotundata.
Modiola biparfcita.
cuneata.
Myacites caloeiformis.
deourtatus.
recurvus.
Nucula ornata.
Ostrea gregaria.
Pecten fibrosus.
lens.
Pholadomya acuticosta.
Pinna.
^
Trigonia.
TJnicardium.
Ehynokonella varians.
Terebratnla.
Waldheimia ornithocephala.
—^
— var. calloTiensis.
Serpula tetragona.
The clays above the Kellaways division were shown in a brick-
yard north of Middle Lodge, south-east of Chippenham, on the
borders of the Wilts and Berks Canal ; but there are few sections
to be seen in the beds, and nowhere have I seen the rich fossil-layers
of the zone of Ammonites ornatus opened up in this part of the
country. Fortunately the geologists of old have left their I'ecords.
The following section of "the quarry at Christian Malford" was
noted by Lonsdale :—
*
Oxford Clay.
Ft. In.
Kellaways
Beds.
Pale lead-coloured clay, streaked with yellow.
fEotten, rubbly stone, highly charged with
j
oxide of iron, and enclosing few organic
J remains - - - . .
I
Sandstone, abounding with fossils -
I
Sand .--...
LClay
The precise situation of this opening was not given, but the
beds evidently come below the rich fossiliferous shales of Christian
Malford, that were brought to light in 1841 during the construc-
tion of the Great Western Eailway. Of the many fossils then
obtained from the Oxford Clay, the majority were procured from
pits and trenches dug on either side of the railway, between
Wootton Bassett and Chippenham, for the purpose of obtaining
material for embankments.
The following section of the beds was given by J. Chaning
Pearce :—
t
Valley /Soil
Drift. I Gravel- . . - - .
{Four or five bands of laminated clay, alter-
nating with sandy clay, almost entirely
composed of broken shells
Olay, containing Gryphcea bilohata
Ft.
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The fossils, which were obtained chiefly from the laminated clay,
included Fishes, MoUusca, Crustacea, and Lignite. Hundreds of
Ammonites, especially those of the " Ornati group," were obtained,
and although for the most part in a flattened condition, many were
otherwise perfect, and the form of the aperture, as seen in
examples of A. Jason and its allies, was beautifully shown. Some
new species were described by S. P. Pratt.*
Specimens from Christian Malford thus came to be distributed
amongst the principal collectors of the time, including the Marquis
of Northampton, Dr. Mantell, and William Ounnington, and
examples are to be seen in most museums, including those of Bath,
Bristol, and Devizes. Many of the fossils were obtained and
developed with great skill by William Buy, of Sutton Benger
;
and among those were some of the most perfect specimens of
Belemnites. Another form was named Belemnoteuthis antiquus by
J. Chaning Pearce ;t concerning this, S. P. Woodward remarked
that " In the fossil calamary of Chippenham, the shell is pre-
served along with the muscular mantle, fins, ink-bag, funnel, eyes,
and tentacles with their horny hooks."J
Among the fossils from Christian Malford, the following may
be enumerated :
—
AspidorhjTiclius euodus.
Lepidotus macrocheirus.
Leptolepis maoroplithalmus.
Ammonites Bakeriae var fluctno-
sus.
Com.ptoni.
Duncani.
Elizabethse.
—
- gowerianua.
hectioiiR var. lunula.
Jason.
var. Griilielmi.
Koenigi.
macrocephalus.
Ammonites modiolaris.
Sedgwicki.
Belemnites liastatus.
Oweni.
Belemnoteuthis antiquus.
Alaria bispinosa.
trifida.
Patella.
Avicula ovalis.
Leda Phillipsi.
Pholadomya deltoidea.
MecocheiruB Pearcei.
Amphiura Pratti.
It is not improbable, as the fossils were obtained at various
spots along the railway, near Christian Malford, that some
specimens were derived from the zone of Ammonites calloviensis,
although the greater portion of them were found in beds that
belong to the zone of A. ornatus.
Ammonites Duncani and A. Achilles have been recorded from
Dauntsey. A brick-yard by Dauntsey Station wrs opened in
reconstructed loamy and gravelly beds with derived fossils from
the Corallian rocks, &c.
* Ann. Nat. Hist., vol. viii. (1841), p. 161.
t Charlesworth's London Geol. Journ., 1847, p. 75 ; Onnuington, Ibid., p. 97.
The species named by Pearce Tvas described as Belemnites Oweni, by Owen, Pliil.
Trans., 1844, p. 65 ; see also Mantell, Ibid., 1848, p. 176, and 1850, p. 393.
J Manual of the Mollusca, Part 1, 1851, p. 75.
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Wootton Bassett and Mdlmeshury to Cirencester.
About a mile west of Wootton Bassett, a brickyard by Old
Park Farm, on the north side of the Great Western Railway,
showed the following section :
—
["Brown clayey soil.
Oxford J Grey slightly calcareous clay.
Clay.
I
Greyish-brown clay with bands of brown gritty calcareous
L stone.
These beds, which were opened to a depth of about 18 feet,
belong to the upper division of the Oxford Clay. The foliowino'
fossils were collected by Mr. Rhodes :
—
Myacites recurvus.
Nucula ornata.
Thracia depressa.
Amnjonites oordatus.
Gryphaea dilatata.
Ostrea.
Modiola bipartita.
At a brickyard at Lower Stanton, south of Oorston, where the
Kellaways Beds overlie the Cornbrash, I obtained from the Base-
ment Clay some crushed shells of Ostrea, JValdheirnia and
Rhynchonella varians, together witli Serpula vertehralis
; and
from the Kellaways Rock, JValdheirnia ornithucephala.*
North of Maimesbury, a section at a brickyard showed eight
feet of grey clay with selenlte, and few fossils. Professor Hull
noted the presence of the Kellaways Rock in this locahty.f
A trace of the Kellaways Beds (to which I have elsewhere
referred) was shown to the nortii-west of Kemble Junction, in a
lane-outting north of Great Barn.
J
In the neighbourhood of Oirencestei', the Kellaways Rock was
observed by William Smith on the banks of the Thames and
Severn Canal near South Cerney (Carney Wharf) ; and not far
from this spot a fine section of the beds was opened up in 1883,
in the cutting of the Midland and South-Western Junction
Railway, west of Cerney Wharf. Attention was first directed to
this section by the late Prof. Allen Marker, of Cirencester, and I
had the pleasure of visiting it under his guidance. The section
was as follows :
—
Gravel (in places)
f Brown clay -
[
Grey clay - . . .
I
Ferruginous sandy beds with hard
Kellaways Beds. \ Fen-uginous brown sands '. '.
Liayer of huge " Doggers " 6 to
Tellow loamy sands ...
Clay .....
Ft. In.
4,
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:
that commenced around organic remains. Nests of Brachiopods
( Waldheimia obovata) occur in many of the masses, together with
Ammonites, shelly layers with small Ostrea, Avicula, and other
fossils ; also lignite. Some irregular cavities occur in the stone,
and there are likewise fucoidal markings. A full account of the
strata was published by Professor Harker,* who mentions that
one of the large Doggers, weighing about \\ tons, 4 ft. 6 ins. in
diameter and 1 ft. 9 ins. in thickness, has been placed in the
garden attached to the Eoyal Agricultural College, near Cirencester.
Prof. Harker gives the following analysis of the calcareous
sandstone :
—
Calcium carbonate - • - - - 34*35
Ferric oxide - - - - - - 1'94
Manganese and Alumina - - - - - '64
Sodium chloride
,
-
"I
_
_
,
Magnesium carbonate J
.... traces.
Silica (Sand) . . . - - - 60-74
97-67
He remarks that after exposm-e, some examples of the Doggers
weathered rapidly and successive coatings became separated from
the central core; and that "lying about in the cutting were
numbers of these regular shaped cores, called ' cannon balls ' by the
workmen." It is remarkable that the Engineers in their pre-
liminary trial-borings along the line of railway failed to meet in
any quantity these huge masses of rock, and they were "not
revealed until the excavations for the cutting had proceeded some
considerable length."
The accompanying illustration is taken from a photograph
published by Prof. Harker ; it represents the general aspect of the
cutting, looking northwards. Heavy rains had washed away the
loose sand, leaving the Doggers standing out prominently. It
is not until we reach the neighbourhood of Bedford that similar
masses are seen in the Kellaways Beds,
Fig. 21.
Section along the Midland and South- Western Junction Railway
at South Cerney, near Cirencester. (From a Photograph.)
* Prcc. Oottes-wold Club, vol. viii. p. 176.
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The following fossils were obtained from the Kellaways Rock
of South Cerney, by Prof. Marker, Mr. Khodes, and myself
:
those marked x being recorded by Prof. Harker :
—
GrypliBaa bilobata.
dilatata.
Tsocardia minima (tenera).
Lima.
Lucina despeota.
Modiola bipartita.
Myaoites recurvus.
Ostrea flabelloides.
Pecten fibrosus.
lens.
Pinna mitis ? *
Pholadomya deltoidea.
Phillipsi.
Trigonia.
Unioardium sulcatum.
Rbynchonella varians.
Waldteimia obovata.
ornithocepliala.
Pentacrinus Pislieri ?
X
Ammonites (fragment).
Area.
Avicula inssquivalvis
.
Oardium.
Gryphffia.
Modiola.
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The brickyard to the east of Shells Grove showed blue sandy
clay, from which Mr. Rhodes obtained the following specimens :
—
Myaoites recurvus.
Nucula.
Ostrea (with markings of Tri-
gpnia).
Peoten.
Crustacean (claw).
Higher beds of Oxford Clay were exposed in the brickyard a
little north of Cerney Wharf, where brown and purple shaly clay,
ferruginous in places, was exposed to a depth of about 15 feet.
Small Ammonites and Belemnites occur here ; and Mr. Rhodes
obtained Alaria trifida, Avicula, and Lucina. Fine crystals of
selenite are found in the Oxford Olay at Ashton Keynes.
The occurrence of a small faulted tract of Kellaways Beds at
Lewis Lane, Cirencester, has been recorded by Prof. Harker
;
the beds were proved in a well-boring, as follows* :
—
Ft. In.
Made ground - - - - 7
Gravel - - - - - 12
Tr^n„™„™ r Pine sand - - - - 2Kellaways Dark brown clay - - - 1 6
-"^*^^- [Blue olay - - - - 22 10
Combrasli.
Specimens of Ammonites macrocephalus, Belemnites Oweni,
Avicula incBquivalvis, Modiola hipartita, Myacites recurvus, Ostrea
(or Gryphcea), Terebratula intermedia'i and Waldheimia ortiitho-
cephala, were identified by Mr. G. Sharman from specimens collected
by J. H. Taunton. Many small concretions occurred in the clay.
Shallow sections of Oxford Clay were opened up along the
railway near Cricklade, and again the clay was shown in cuttings
between Woodwards Bridge and Elbro Bridge, near Haydon,
south-east of Little Blunsdon.
A furze-covered sandy hill near the Foss Farm, south of
Driffield, was considered by John Bravender to indicate the
Kellaways Rock ;t and it is probably developed in the ridge
south of Poulton Farm and the old Church. Many fossils,
including bones of Cimoliosaurus, were formerly obtained from the
brickyard, east of the Farm, where the basement Oxfordian clays
were exposed.
Prof Phillips described and figured under the name of
Ammonites superstes a portion of a " Cordate " Ammonite from
Minety. This must have come from the Oxford Clay, thou'^'h
noted by him as from Kimeridge Clay.J
One of the best sections of the Oxford Clay in Wiltshire was
that furnished in a deep well-sinking at Swindon, made in 1883-
85, by the Great Western Railway Company under the direction
of Captain William Dean. The Oxford Clay and Kellaways
Rock were shown to have a thickness of 572 feet 9 inches, the
details of the strata being noted by Messrs. W. H. Stanier, A. E.
* Proo. Cotteswold Club, vol. x. p. 18".
t S. P. Woodward, Ibid., vol. i. p. 4.
X Geol. Oxford, pp. 33i, 333.
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Elliott, and myself. A full account being elsewhere published,*
it is only needful here to give the following summary :
—
Ft.
Oorallian Beds.
Oxford Clay
Kellaways
Beds.
Clay Tvith shaly and marly beds, sep- "1
taria, and occasional gritty bands J
Clay with bands of septaria, lami-l
nated, bituminous, and shelly >
clays and shales, J
'Laminated and shelly clays with
occasional septaria and greenish
calcareotis sands and sandstone
Dark grey laminated clay, shelly in
places ....
Grey gritty rock and sand (at junction
with Oornbrash)
In.
466 10
43
49
12 4
10
572 9
A large collection of fossils was made from the Oxfordian beds,
these were identified by Mr. E. T. Newton, and they are
tabulated in the accompanying list. More detailed references to
the depth of some of the specimens would have been valuable.
Broadly speaking, however, the record furnishes evidence of the
Kellaways fauna at the base, and of the incoming in succession of
the " ornatus " and " cordatus " types of Ammonites ; and it is
satisfactory to find that the ordinary succession ofAmmonite-forms
is maintained, even if the species are not limited to the often
rigid and therefore unnatural definitions of a zone.
Thus in the upper 288 feet, Ammonites cordatus and A. cordatus var.
mecavatus are met with. This division would therefore correspond with
the " cordatus•cla.js," although the two Ammonites occur a little lower
down, together with other species.
In the next 220 feet, A. crenatus, A. Buneani, A. Jason. A. Kcenigi,
A. Laniberti, A. Mdrice, and A.plicatilis pccur : the last-named a Oorallian
form! This division no doubt represents the " ornatus-clnjs" of the
Lower Oxfordian. In the next 18 feet we find A. Jason var. QvMelmi,
and A. calloviensis. The lowest 44 feet, comprising alternations of clays,
sands, and sandstones, yielded A. Kcenigi, A. Baherice, and A. modiolaris,
found also higter up ; likewise A. gowerianus. The last-named two
species are usually regarded as Oallovian forms.
The development of sandy beds at the base of the Oxford Clay is
interesting. On lithological evidence, about 44 feet may be assigned to
the Kellaways Rock ; but if we consider Ammonites calloviensis to belong
exclusively to this rock, then at least 18 feet more may be grouped with
the Kellaways division. The evidence, however, agrees with that
furnished in other localities, that the Kellaways Rock is but an irregular
and impersistent sandy basement-bed of the Oxford Clay, locally
fossiliferous.
Pateontologically the beds may roughly be grouped
follows :
—
as
Zone of Ammo- f A . cordatus, A. cordatus var. excavatus and
nites cordatus. \ A. perarmatus . . - .
{Am. Lamberti, A. crenatus, A. Duncani,
A. hectious, &c. - . - .
A. Jason, A. Bakeriae, A. Marise, A,
Kcenigi, A. modiolaris, &c.
Zone of f A. calloviensis, A. gowerianus, and A
A. calloviensis. l modiolaris ...
Feet.
300
100
- 110
62
* Quart. Journ. Geol. Soc, vol. xlii. p. 257.
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List of Fossils from the
Oxfordian Beds of Swindon.
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OHAPTEE IV.
Oxford Clay and Kellaways Kook.—(Local
Details—continued.)
Cricklade, Bampton, and Woodstock,
From Cricklade to Lechlade and Bampton we follow the
broad vale of Oxford Clay, that borders the Thames onwards to
the neighbourhood of Oxford. The full thickness of the formation
may be between 500 and 600 feet,* but it diminishes in the
direction of Oxford. To the north-east of Bampton and near
Ourbridge Common, we find rising ground that is suggestive of
the Kellaways Eock, but there are no sections to show the strata.
On the west side of Aston Sheep Common, east of Bampton,
an excavation for a brickyard displayed bluish-grey and
yellowish clay to a depth of about 8 feet. Large specimens of
Gryphaa dilatata, and Belemnites aripistitlum occur. G. dilatata
was met with beneath the Alluvium, at Fyfield Marsh on the
south side of the Thames, as I was informed by Mr. James
Parker.
Outliers of Oxford Clay occur in Wychwood Forest, and beds
of grey shaly clay have been worked for brick-making on the
west side of Leafield. To the east of Combe, near Woodstock,
there is also a brickyard, but the beds do not appear fossiliferous.
The higher grounds here have in places thin coverings of gravel
with quartz and quartzite pebbles. The elevated tract of
Eamsden and Finstock Heaths in Wychwood Forest, affords an
extensive view of the country ; and there the Oxford Clay is capped
with sand nnd gravel. It is possible that sandy beds belonging to
the Kellaways division may also occm* at some of these localities, f
On the new branch railway to Woodstock, the Kellaways Beds
were shown at one spot, above the Cornbrash, as follows :
—
%
Ft. In.
'Fine yellow and grey sands - - 6
Dark bluish-grey clay, and stiff mottled
grey and brown clay with " race "
in the lower part ; and much ferru-
ginous matter at the base - - 10
Thin layer of sand overlying seam of
clay - - - - - 5
Kellaways
Beds.
Oornbrash.
Witney to Oxford.
In the neighbourhood of Oxford the full thickness of the
Oxfordian Beds may be 450 feet. I judge this to be the case
* Greater thicknesses have heen assigned by Phillips, Gex)l. Oxford, p. 298 ; and
Hull, Explan. Hor. Sec. (Geol. Survey), Sheet 59, p. 3.
t See also Hull, Geol. Woodstock, p. 26.
X £ee Memoir on the Lower Oolitic Eooks of England^ p. 303.
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from drawing a diagram section from Burford through Witney
and Wytham Hill to Oxford. (See Fig. 22, p. 44.) There are four
borings to guide one in drawhig a section, although an exact
interpretation of the records of these borings is not possible.
Details of the Burford boring have been previously published—the site
of it was about 350 feet above sea-level.*
Details of a boring at the County Police Station, Witney, made in
1883-84, by Mr. Edward Margrett (of Beading), were communicated to
me by Mr. J. H. Blake. The boring, situated about 300 feet above sea-
level, was carried to a total depth of 270 feet, and the strata passed
through are of sufficient interest to be recorded in detail. They may be
grouped (though not without doubt) as follows :
—
Witney Bobikg.
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Witney Boeing.
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who states that no specimens were preserved. The above grouping
differs in some respect from that of Prof. Prestwioh. I take the " dark
blue rocks " (21 and 23), to indicate the presence of the Kellaways Beds,
although no exposures of this sub-division have till recently been noticed
in the area. I have, however, seen evidence of the beds in the railway
near "Woodstock, and also near Bicester; while their presence near
Kirtlington was suggested by Phillips, from the occurrence there of
Ammonites Kcenigi.*
The boring at St. Clement's Brewery, Oxford, was made in 1836, and is
said to have passed through 265 feet of strata belonging to the Oxford
Clay, and 135 feet of strata, grouped generally, with the Great Oolite.f
Oxford city ia for the most part built on valley-gravel, which
lies irregularly on the Oxford Clay. The brickyards in the
neighbourhood show chiefly the upper and middle portions of the
Oxford Clay. The upper beds may be seen in pits between
St. Bartholomew's and St. Clement's, north of Cowley Marsh,
where I obtained Ammonites vertebralis, Belemnites excentricus,
B, Otoeni, and Grypliaa dilatata. Other species from this
locality in the Oxford Museum, and in the collection of Mr.
James Parker, include Ammonites cordatus, A. Lamberti, Belem.-
nites hastatus, B. sulcatiis, Rhynchonella varians, Pentacrinus
Fisheri ; also Asteracanthus and Hybodus, Saurian and Crusta-
cean remains {Glyphea).
Other sections have been opened on the Marston Road, and
again at Pear Tree Hill, on the Woodstock Eoad. -
At Summertown, north of the city, there is an immense pit,
where, beneath 8 or 10 feet of valley-gravel, the Oxford Clay,
consisting of bluish-grey or lead-coloured clay with occasional
scattered septaria, has been dug to a depth of about 40 feet.
The clay is slightly calcareous and many of the Ammonites are
pyritized. Ammonites cordatus occurs in the upper part, together
with Gryphcea dilatata, and lower down we find A. Duncani,
A. Lamberti, Belemnites hastatus, B. svlcatus, &c. Some of the
septaria contain lignite^ I also obtained Ammonites calloviensis,
A. macrocephalus, A. Williamsoni, and Niccula ornata. It would
thus seem from the evidence of the fossils, that portions of the
chief zones of the Oxford Clay are here represented .
The occurrence of fossils belonging to the three main zones is
confirmed by specimens in the Oxford Museum and in the collec-
tion of Mr, Parker. These include, in addition to some of those
mentioned above. Ammonites athleta, A. crciiatus, A. gowerianus,
A. Jason, A. Maria, &c.J No doubt the beds at Summertown
should be grouped mainly as the zone of Ammonites ornatus—
regarding that as a general palseontological horizon.
North-east of Wolvercot there is another very large pit showing
30 to 40 feet of Oxford Clay, with gravel on top, similar to the
section at Summertown. The septaria are scattered, there being
* Quart. Journ. Geol. Soc, vol. xvi. p. 117.
I See notes attaohetl to Geological Map of the Environs of Oxford, Ijy Andrew
J). Stacpoole, 1848 ; Geology of parts of Oxford.shire and Berkshire, by Hull
and Whitaker, p. 5 j and H. B. Woodward, Lower Oolitic Rooks of England, p. 513.
J See also Phillips, Geol. Oxford, p. 304.
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no conspicuous band of them. Among the fossils GryphcBa dila-
tata and Belemnites sulcatus are most abundant. Ammonites
calloviensis also occurs.
Oxford to Buckingham.
From Oxford the Oxford Clay continues in a broad vale
through Otmoor and between Bicester and Quainton to Steeple
Claydon in the neighbourhood of Buckingham, where we enter a
region in which the beds are largely concealed by Drifts.
The brickyard south of the Bicester railway-station showed
12 feet of dark bine and grey sha,ly clay with selenite (" isinglass "
of workmen) and pyrites ; covered by 2 feet of yellowish sandy
loam and sand. These clays and the overlying sandy beds,
resembling those seen on the Woodstock railway and at Akeley
brickyard north of Buckingham, evidently belong to the Kella-
ways Beds. The sand was formerly dug for mortar-making, and
is now mostly worked out. Eock (Cornbrash) was reached a foot
below the base of the pit.* Ked bricks, tiles, and drain-pipes are
manufactured. Formerly 17 or 18 men were engaged at the
brickyard : at the time of my first visit, in 1886, only one man
was employed! Pressed bricks that are machine-made, as at
Peterborough and other places, take away the trade from the
smaller brickyards, which will in time most probably be abandoned,
to the serious loss of geologists.
To the south-east we find, at Ambrosden and Blackthorn Hill,
an inlying mass of Cornbrash—one of a series of inJiers that range
from Islip in a north-easterly direction.
South-east of Fringford there is a brickyard in the Oxford
Clay; and clay was proved to a depth of 50 feet, without
reaching the bottom, about a quarter of a mile further sodth.
About IJ miles south-east of Goddington Church, Prof. Green
noted beds of pale calcareous and slightly concretionary clay
yielding the following fosoils, which were determined by Mr.
Jitheridge :
—
t
.Ajnmonites oordatus
Blizabetlise.
Jason.
Astarte oarinata.
Avicula ovalis.
InoceramuB.
Lucina.
North-west of the railway-station, at Quainton Road, a brick-
yard on the west side of the railway, showed about 10 feet of
grey marly clay becoming bluish grey below, with slightly
indurated marly bands, and decomposed pyritic nodules. All
sorts and conditions of Gryphcea dilatata, broad and narrow
varieties, were very abundant. Red bricks, tiles, and drain-
pipes are here manufactured.
* See also Green, Geol. Banbury, p. 40 ; and Proc. Geol. Assoc, vol. xiii. p. 71.
t Geol. Banbury, pp. 40, 41.
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Prof. Green has recorded, from "Quaiuton," the following
Ammonites canaliculatua.
Dunoani.
Belemnites hastatus.
Alaria.
G-ryphsea dilatata.
Ntioula elliptioa.
Peoten fibrosus.
Pinna mitis.
He has also recorded from Lndgarshall
Ammonites cordatus.
Lamberti.
Marias.
Belemnites abbreviatus.
Grypbgea dilatata.
Modiola bipartita.
He mentions that Oxford Clay was exposed in the two railway-
cuttings south-east of Buckingham station ; and that in a brick-
yard near Padbury Mill, dark blue shaly clay, with septaria and
nodules of limestone, was to be seen. From Padbury he obtained
Ammonites calloviensis, A. Jason, Belemnites, &c. So that in the
vale from Bicester to Buckingham we have evidence of the zone
of A. calloviensis, followed by those of A. ornatus and A.
cordatus,
Winslow and Fenny Stratford,
To the north-east of Quainton and Steeple Olaydoiiy we entfer
a region where the upper boundary of the Oxford Clay is marked,,
on the Geological Survey Map, as " wholly conjectural." This
applies to the country south of Winslow and near Stewkley, and
is due partly to the concealment of the strata by Drift, and partly
to the disappearance of the Corallian rock-beds. Nor is the
lower boundary of the Oxford Clay to be traced with great
certainty considering that from Goddington, by Gawcdtt and
Padbury near Buckingham, onwards to the north of Whaddon
Chase, and by Little Woolston, to the south o£ Newport Pagnell,
the junction with the Cornbrash is " everywhere hidden by
Drift."
The higher boundary with the Kimeridge Clay will be more
particularly discussed in the chapter on Corallian rocks, for there
is evidence that those beds are represented mainly by argillaceous
strata in the country extending from Quainton to AmpthilJ, and
the neighbourhood of St. Ives.
At Akeley brickyard, to the north of Buckingham, as men-
tioned previously, there is evidence of the Kellaways division, and
it is interesting to find that Prof. Green noted Ammonites Kanigi
from this exposure, f
Referring to the outliers at Akeley and east of Leckhampstead,
which, excepting near the brickyard just mentioned, were coloured
as Cornbrash on the Geological Survey Map, Prof. Green
remarks, " The ground on which these two outliers lie is high
enough to leave room for a capping of Oxford Clay. No sections,
however, were obtained to prove the presence of this formation,
=f Geology of Banbury, pp. 42, 45.
t Ibid., p. 41 J see also Memoir on Lower Oolitic Eocks of England, p. 450..
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and all the evidence seemed to show that the drift was quite
thick enough to make up that part of the hill which lay above the
outcrop of the Cornbrash. The ground has been therefore
coloured as Cornbrash all over, but it must not be forgotton that
patches of Oxford Clay may lie upon the hill tops beneath the
drift covering."* It is therefore interesting to learn that
recent trial-borings made in search of water by Mr. Baldwin
Latham have proved that Oxford Clay does occur beneath the
Drift between Maids Moreton and Akeley.
At the Old Copse brickyard, north of Wicken, in Whittlewood
Forest, there was a section showing stifE grey clay, covered by Drift.
The clay yielded only one Serpula, to my search, but in general
characters it resembles Oxford Clay. The bed was noticed by
Prof. Green as dark-blue shaly clay very finely laminated, and he
stated that it had been proved to a depth of 36 feet without
reaching the bottom. While grouping it with the Great Oolite
he remarked that he had nowhere else in the district seen Great
Oolite clays of the same nature and thickness.t If I am right
in classinar it with the Oxford Clay there is little doubt that it
must occupy a faulted tract.
Again, rather more than a mile and a half north-west of Akeley,
a boring was made midway between Tile House Farm and Tile
House Wood, by Messrs. Easton and Anderson. A shaft was
sunk 2\\ feet, and the rest bored. The strata passed through
were as follows :
—
Boeing neae Akeley. Thickness. Depth.
Drift. ilO.
f 9
Oxfordian. <
Great Oolite? 6.
Upper Eatiisb- J g
rine Series, "j g
12. Soil, &o.
Gravel about -
Blue clay about
Sandy clay
Stiff clay
Hard stone
Clay -
Black Stuff -
Greenish clay -
Northampton Beds ? 1. Hard stone rock
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westerly direction, extends to Tile House Wood, and that in the
boring it was passed through, as shown in the accompanying
diaufram-sectioD.
Fig. 23.
Diagram-section near Tile House Farm, north-west
of Akeley, Buckinghamshire.
7. Combrash.
6. Great Oolite Clay.
5. Great Oolite.
*•!
3. i- Upper Estuarine Series.
2.J
1. Northampton Beds.
A. Boring.
F. Fault.
12. Soil.
11. Gravel.
10. Boulder Clay.
^•j Oxford Clay.
In a brickyard at Tinker's End, Winslow, there was exposed
from 12 to 15 feet of bluish-grey clay, with many small Ammonites,
including Ammonites crenatus, A. Duncani, A. Lamherti, and
A. Maria. ; also Gryphcsa dilatata, Ostrea, and Serpula tricarinata.
I was informed that fossils are mostly found deep down in the
pit, those near the surface being fragile and decayed. 2 or 3
feet of irregular sand and fine gravel occur on top of the Oxford
Clay. Red and yellow bricks, tiles, and drain-pipes are manu-
factured.
A well sunk in the market-place at Winslow, through Drift
and Oxford Olay, reached rock-beds at a depth of 238 feet.
From information given me by Mr. W. H. Dalton, it is probable
that Kellaways Rock and Cornbrash were subsequently penetrated,
for the boring was carried to a depth of 279 feet.
Between Winslow and Great Horwood, there was a brickyard,
where Prof. Green noted, beneath 1 foot of Drift Gravel,
dark blue clay with Ammonites Jason, and Grgphcea dilatata.
He observed also the Oxford Clay, beneath a few feet of gravel,
in the brickpit at Swanbourn, and there G. dilatata and Ostrea
gregaria were met with.
A well boring at Bletchley Junction (1887) was carried to a depth
of 419 feet, through Boulder Clay, Oxford Clay, and Kellaways
Beds. Saline waters were met with in the Kellaways Beds. The
chief point of interest connected with the boring was the finding of
Ft.
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Eushmere Pond, north of Leighton Buzzard, to near Great and
Little Brickhill.* Prof. Green has noted that at the brickyard
near Eushmere Pond (Nares Gladly), the Gryphcea was of large
size and was accompanied by Ammonites cordatus, Belemnites
hastatus, and Ostrea gregaria, in some abundance, together
with Ammonites anceps, A. Baherice, and Serpula tricarinata.
The Oxford Clay is no longer worked at this locality, loam from
the Lower Greensand being brought from a short distance to the
Rushm.ere brickyard. Amlnonites Bakerice is also noted from
the upper beds of Oxford Clay at St. Ives (p. 55).
A boring made about half-a-mile S.S.E. of Buttermilk farm,
near Little Brickhill, was carried to a depth of 133 feet, through
Lower Greensand into Oxford Clay.
At Fenny Stratford the clay has been worked in several places
beneath the valley-gravel, and many fossils have been obtained.
Here there is much pyrites, and the fossils are mostly replaced by
it. I obtained Ammonites Jason var. Gulielmi, Cerithinm
muricatum, Avicula, Leda Phillipsi, Nucula ornata, and Lignite.
In the brickyards at Aspley Guise, where Ammonites crenatus
occurs, and near Eidgmont, Mr. Whitaker observed bands of
limestone in the Oxford Clay. He found many fossils near
Eidgmont, including Gryphcea dilatata ; and at Crawley Kiln,
between Eidgmont and Husborne Crawley, there was much
pyrites and also selenite in the clay. .
Here we approach the border-line of the Oxford and Corallian
(Ampthill) Clays, further reference to which will be made in the
chapter dealing with the Ampthill Clay.
A boring at the Eectory, Northill, three miles north-west of
Biggleswade, was made in 1877 by Messrs. Le Grand and
Sutcliffe ; and the following details were communicated to me by
Mr. Whitaker :
—
Boeing at Nobthill.
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I have no information about tte fossils, Tjut it is not improbable that
portions of the upper beds grouped with the Oxford Olay, may represent
the Ampthill Clay, and be of Corallian age.
Bedford.
The country around Bedford affords some fine sections of the
Kellaways Beds, to which attention was first directed by Mr. A.
C. G. Cameron, during the course of his work on tlie Geological
Survey ; and I had the advantage of his guidance in visiting the
sections.
As in other tracts, where we have evidence, in Wiltshire and
Oxfordshire, the mass of the sandy Kellaways Rock is separated
from the Cornbrash by clays, sometimes spoken of as the ' Lower
Oxford Clay,' but more properly Kellaways Clay, that attains a
thickness of from 7 to 10 feet, and can in places be distinctly shown
on the Geological Survey Map. This lower clay is described
by Mr. Cameron as a dark clay with much selenite and " race."
Good sections of the Kellaways Beds have been exposed at the
Southend Ballast Pit, beneath the valley-gravol, on the south-
west side of Bedford.* Here we find masses of concretionary
sandstone weathering into sand, and exhibiting curious fucoidal
and tubiform markings. White and brown sands with similar
concretionary masses of stone, were shown resting on clay, and
Cornbrash, &c., in the brickyard | mile north-west of West End,
Stevington. Fine sections of Kellaways Rock were also shown
at Howard's brickyard, at Lodge Hill, south of Clapham, and
norlh-west of Bedford. There we have about 10 feet of stiff
greenish-grey clay, and brown and bluish-grey loamy sand, with
iron-pyrites and irregular concretions or doggers of calcareous
sandstone. The stone contains Myacites recui-vus in abundance,
and occasional shelly layers with Gryphaa bilobata and Belemnites.
The widening of the Midland Railway north of Oakley Station,
in 1889, opened up a fine section of the Kellaways Beds, which I
noted, in company with Mr. Cameron, as follows :
—
Oxford Clay
and
Kellaways
Beds.
Grey and brown clay passing down
into dark grey clay with pyritic
layers ; Ammonites (pyritic and
iridescent), Belemnites, Gryphceahi-
Idbata, Saurian bones, Lignite, and
occasional nodules of shelly stone -
Large concretionary masses or dog-'
gers of grey-hearted calcareous
sandstone, with ochreous coating,
and fucoidal markings, and occa-
sionally a yellow (sulphurous) ef-
florescence ; Avicula inaeguivalvis,
Gryphoea hilobata, Myacites reeurvus,
Belemnites Oweni, Am/monites, and
Lignite . . . .
_
Tellow grey and greenish sands
Ft. In.
15
>• 10
* I was informed by Mr. Cameron that clay from the cutting at Ampthill has
heen tipped over the waste ground here.
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Mr. Cameron has noted the occurrence in these beds of an
indurated seam of sandy marl, which exhibited the structure
known as " cone-in-cone."
The bottom sands are like those recently exposed in the cutting
of the "Woodstock railway, and the dodgers in the overlying strata
were in places so numerous that a navvy remarked " they might
have been used as stepping-stones at the time of the Flood."
Some of these huge stones, according to Mr. Cameron, measure
30 feet in circumference : others are united so as to form twin
stones in the form of the figure 8. *
Mr. Cameron has traced an outlying mass of Oornbrash,
Kellaways Rock, and Oxford Clay over Yardley Chase, in the
neighbourhood of Yardley Hastings. It is interesting to learn
that Wm. Smith in 1819, in company with John Philhps, noted
the occurrence of Kellaways Rock further north near Bozeat
(Boziate HiU) where they found Ammonites modiolaris; and'
drew a section showing above the Oornbrash, an outlier of clay
(Kellaways Clay) surmounted by Kellaways Rock.f
The following species have been obtained by Mr. Cameron,
Mr. J. Rhodes, and myself, from the Kellawavs Beds near
Bedford :—
Ammonites gowerianus.
maorooephalus.
Ancyloceras oalloviense.
Belemnites Oweni.
Avicula inffiqnivalvis.
Miinsteri.
GryphEBa bilobata.
MyaciteB reourvus.
seonriformis.
Ostrea.
Peoten demissus.
lens.
Trigonia.
Bedford to Huntingdon and St. Ives,
The Oxford Clay occupies a wide area to the north and east of
Bedford, extending over much of Huntingdonshire, into the
borders of Cambridgeshire ; forming the foundation of the greater
part of the Fenland, and appearing in islands at Ramsey, Whit-
tlesey, and Thorney. It extends into Northamptonshire, near
Thrapston, with outlying masses between Brigstock and Oundle.
Over great part of this area it is thickly covered with Drift,
chiefly Boulder Clay, and there can be no more tenacious a soil
than that in some of the tracts formed of Oxford Clay and
Boulder Clay.
A tiny outlier of the basement or Kellaways Clay overlies the
Cofnbrash in a faulted tract at Stowe-nine-churches, in North-
amptonshire : the section was noted by Mr. Beeby Thompson.
J
About 5 feet of blue clay was seen, but no fossils were obtained.
Returning to the main mass of Oxfordian strata it may be
mentioned that Kellaways Beds have been observed by Mr.
Cameron at Risely ; but I have no records of any section of the
* Geol. Mag., 1892, p. 66.
t Memoirs of W. Smith, p. 93.
X Journ. Norlhamptonshire Nat. Hist. Soc, vol. vi. p. 294 ; see also Memoir on
Lower Oolitic Eocks of England, p. 398.
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strata around Kimbolton, where so much Drift covers the Oxford
Clay. (See p. 305.)
The Oxford Clay has been largely worked for brickmaking at
St. Neot's and in the adjoining parish of Eynesbury. I visited
the sections in 1893, in company with Mr. Cameron.
At the Eynesbury Brick and Tile Works, the pit showed grey
and yellowish marly clay, with bands o£ hard earthy limestone
;
and a somewhat similar section was shown at Gallow Hill, on the
east side of the road leading to Little Barford. At the Gallow
Hill section, which adjoins the Great Northern Railway, the
uppermost band of hard earthy limestone, was long ago described
by Prof. Seeley,* as the " St. Neot's Eock," and he observed that
it was exposed at the base of the railway. More recently the
sections have been fully described by Thomas Roberts,t who
rightly remarks that the St. Neot's Rock " does not differ
markedly from the other calcareous bands which occur throughout
the Oxford Clay," and on this account he deemed it unnecessary
to retain the term St. Neot's Rock. Summarizing the evidence
furnished by the brickyards near St. Neot's, he gave the following
section :
—
Soil, gravel, and boulder clay (in places).
" Greyish-brown clay - - -
Greyish sandy limestone (St. Neot's
Eock) . . - - -
Blnisli clay . - . -
Sandy limestone
Blue clay ....
Oxford Clay -^ Sandy limestone
Blue clay ....
Sandy limestone
Blue clay ....
Sandy limestone ...
Blue clay ....
_
Sandy limestone.
Ft. In.
X Ammonites cordatus.
X Lamberti.
Maris.
trifidus.
Belemnites hasfcatus.
X Oweni.
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North of the railway-station at Sandy, the upper beds of the
Oxford Clay have been well exposed in a brickyard, which I
visited in company with Mr. Cameron. The section showed
about 15 feet of stiff grey racy clay, with ferruginous concretions
(probably decomposed pyritic fossils) and selenite ; there was also_
a band of earthy limestone (6 to 8 inches thick) not unhke the
St. Neot's Rock, that readily shivers when exposed to the weather.
Se])tarian nodules occur near the top of the beds exposed. Near
by the sands of the Lower Greensand are shown above the,
Oxford Clay.
Among the fossils Ammonites cordatus, of variable character, is
abundant, and also the large Belemnite, B. Oioeni var. puzosianus.
The following species have been obtained :—
*
Alaria trifida.
Avicula inEeqiiivalvis.
X Gryphsea dilatata (large speci-
mens).
Nucula ornata ?
X Ehynohonella varians.
Brickyards have been opened to the east of Godmanchester.
In one of the pits near this village, T. Roberts noted, 18 feet of
Boulder Clay ; and below, a series of dark blue tenacious clays,
with nodules of pyrites, and near the top, a band of greyish sandy
limestone. The beds of Oxford Clay, beneath the Drift, were
shown to a depth of 24 feet, and from them Roberts obtained the
following fossils :
—
f
Ammonites Achilles.
]
Ammonites oculatus
Bakeriae.
j
Belemnites Oweni.
cordatus. ! Gryphsea dilatata.
These beds must be high up in the Oxford Clay, so that the
occurrence of A. Bakena, which is recorded also from Leighton
Buzzard and St. Ives, is noteworthy.
The most important section in this neighbourhood is that in
the now deserted brickyard west of St. Ives, This section I
examined in 1889, and noted the beds as follows :
—
fi. In.
^Brashy clay, with Gryphcea dilatata.
"Grey marly clay - - - 4
Band of grey shelly and calcareous
gritty rock - - - 3 to 8
Marly clay, passing down into darker
shaly clay with selenite, and G.
I
dilatata ; and below grey marly clay
f) f d fl V J '^^'^^ small Ammonites Mario;, Pinna,
Grey gritty and calcareous rock, with
calcareous and pyritic concretions
3 to 8
Grey marly clay, G. dilatata (abun-
dant) ; formerly worked to depth of 16
_[Calcareous bed].
* Most of these have heeu reixirded by T. Itoberts, Jurassic Rooks of Cambridge,
p. 15 : those marked x were found by Mr. Cameron and mjself.
•f
Jurassic Rocks of Cambridge, p. 15.
18
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T. Roberts noted that the St. Ives Rock, to which reference
will subsequently be made (p. 141), was found above the clay
a little to the west of the pit ; its position was 8 feet above the
top band of rock, and the full thickness of Oxford Clay, observed
by him, was 40 feet. He noted also the abundance of Waldheimia
impressa in the clay just above the bottom calcareous bed, and
the horizon is marked as the " zone of Waldheimia impressa"*
Many Crustacea were obtained from the Oxford Clay of
St. Ives by Mr. T. George, and these and other specimens have
been described by Mr. James Carter.t They include species of
Eryma, Eryon, Glyphea, Magila, Mecocheirus, Goniocheirut
,
Pseudastacus, and Pagunis. Nowhere else in England has so
varied an assemblage been found.
The fossils generally, and the stratigraphical position of the
Oxford Clay of St. Ives, indicate the zone of Ammonites cordatus.
At the same time Ammonites of lower zones have been found and
notably A, Bakeritz, A. athleta, and A. crenatus. The fullest
and most authentic list of fossils is that of T. Roberts, derived
from specimens now in the Woodwardian Museum : it includes
the following species :
—
%
Ammonites AcMlles.
athleta.
MabeanuB.
Bakeris9.
cordatus.
Tar. exoavatus.
crenatus.
—
— Eugeni.
Goliathus.
hecticus.
Jason.
lophotas.
Mariae.
oculatus."
perarmatus.
rupellensis.
trifldus.
Belemnites abbveviatus.
hastatus.
Oweni. .
Belemnoteutbis
.
K'antilns calloviensis.
Alaria trifida.
Ceritbium Damonis.
Astarte.
Avicula inEequivalvis.
Cardium Orawfordi.
Oucullsea conoinna.
Exogyra nana.
GrypliEea dilatata.
Isocardia.
Leda lacbryma.
Limarigida.
Modiola bipartita.
Nucula elliptioa.
nuda.
ornata.
turgida.
Ostrea gregaria.
Perna.
Pholadomya Pbillipsi.
Pinna mitis.
Thracia depressa.
Trigonia elongata.
Ebynchonella Isevirostris.
varians.
Terebratula oxoniensis.
Waldheimia impressa.
Serpula tricarinata.
vertebralis.
Vermilia sulcata.
Aorosalenia.
Pentacrinus.
During the construction of the Great Northern Railway, many
fossils were obtained from the Walton cutting, near Wood
' * Jurassic Bocks of Cambridge, pp. 17, 18 ; see also Bonney, Cambridgeihire
Geology, p. 10, and Penning and Jukes-Browne, Geology of Cambridge, p. 6.
t Quart. .lourn. Geol. Soc, vol. xlii. p. 542.
J Jurassiic Rocks of Cambridge, p. 17 ; see also Penning and Jukes-BroAvne,
Geulogy of Cambridge, p. 7.
« 8242S. r;
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Walton, north of Huntingdon ; among these were Ammonites
atlilef.a, A. cordatus and var. excavatus*
Mr. Cameron informs me (1893) that a shaft (in search of
minerals) was lately sunk at Abbots Ripton to a depth of about
180 feet through Drift, into the Oxford Clay without reaching
the base of the formation.
The higher grounds as at Alconbury Hill are mainly formed
of Boulder Clay, and in places they give rise to tracts known as
wolds, as Molesworth, Brington, and Barnwell Wolds, and
Leighton Bromeswold. "Westwards over the area at Yelden
and Caldecot to near Thrapston the ground is again largely
covered with Drift, and we have no records of sections.
In the area to the east of St. Ives, and north-west of Cambridge,
we find the Oxford Clay consisting of bluish-grey clay with
septaria, selenite and occasional bands of sandy limestone.
Gryphcea dilatata occurs plentifully in the upper beds, which were
formerly worked to the north of Willingham.f The area is how-
ever much covered with Drift deposits.
A few sections have been noticed near Long Stanton, in the
brickyard at Fenton, north-west of Pidley, and in railway-cuttings
at Over and Bluntisham; but our information concerning them is
scanty, although a number of fossils were obtained when the
cuttings were made.J
The Oxford Clay was proved to a depth of 300 feet at
Bluntisham and 200 feet at Over, but we have no record of the
full thickness. Messrs. Penning and Jukes-Browne have indeed
estimated it at 700 feet,§ but that would include the Corallian
Clays, and even then the estimate is I think excessive
—
probably
500 feet would be nearer the mark.
The Oxford Clay appears at Eamsey, and extends beneath the
Alluvial beds of the Fenland, northwards to Whittlesey and
Peterborough.
Thrupston and Oundle to Peterborough.
The Oxfordian Beds In Northamptonshire and north
Huntingdonshire were divided as follows, by Prof. Judd :
— 1|
'f . Clays with Ammonites of the group of the
Gordati.
Exposed at the Forty-foot Bridge brickyards,
south of Eamsey Mere.
.
Clays with Ammonites of the group of the
Ornati.
Dark blue clays with nodules of pyrites, and
numerous pyritio Ammonites, including
A. ornatus, A. Buncani, A. Baherim, and
A. athleta, and also Waldheimia iin'preisai
Dug in brickyards about Whittlesey, at
Thorney, and Eye Green.
* Catalogue o£ Fossils in Museum of Practical Geology, 1865, pp. 23!), &o. ,
t Geol. parts of Cambridgeshire and Sufifolk, p. 6.
X 3. K. Watts, Eep. Brit Assoc, for 1852, Sections, p. 63. '
I Geol. Cambridge, pp. h, 163, 167.
II
Geol. Butland, p. 2S2.
Zone of
Ammonitet
cordatut,
OXFOEDIAN : NORTHAMPTONSHIRE, &0. 57
Zone of
Ammonites
omatus.
Zone of
Am^nonites
callovieneis.
d. Clays witli Belemnites hastaius.
Blue clays with many fossils found in Divi-
sion 0., but characterized by the abundance
of B. hastaius.
Dug at "Werrington, Ramsey, and Eyebury.
c. Clays with Belemnites Oweni.
Dark blue clays and shales, with B. Oimii,
often of gigantic size. Gryphma cUlatata
occurs, but is more plentiful in the beds
above. Saurians and Fishes occur ; and
masses of lignite, sometimes converted into
jet are found.
Exposed in brickyards at Standground,
Pletton and Woodstone, near Peterborough
;
and at Oonington, Luddington, and Great
Gidding.
b. Clays with Nueula. Laminated blue shales,
with compressed Ammonites, and Nucula
nuda.
Dug. at Haddon, Holme, south of Peter-
borough, and at Eyebury to the north-east.
'a. Kellaways Sands, Sandstones, and Clays.
Alternations of light-eoloured sandy and
sometimes pyritous clays, with irregular
beds ofwhitish sand—the latter fossiliferous
and frequently cemented by calcareous
matter into a friable rock : with dark
blue clay at the base. Belemnites Oweni,
Avioula i/ncequivalvis, Grypluea 'bilobata, &c.
Beds dug for briokmaking at Warmington,
Oundle, Sonthwick, Benefield, and again at
Dogsthorpe, Uffington, and Kate's Bridge,
near Thurlby.
Commencing in the western portion of the area we find a large
and straggling outlier of the Lower Oxfordian Beds, and this
stretches from near Sudborough, notth-weat of Thrapston, to the
west of Oundle, and northwards to the neighbourhood of
Southwick. The sections have been described by Prof. Judd.
Thus at the brickyard at Sudborough we find clayey beds like
those near Peterborough, and they yield in abundance large
specimens of Belemnites Oweni; also Ammonites and Saurian
remains.
At Oundle brickyard the Kellawaya Beds are shown, and they
comprise pale sandy clays, with bands of hard sandy and
ferruginous rock, that often thin out within short distances.
At Benefield and again near Southwick there are brickyards
fiiat show the Kellaways Beds, yielding large Belemnites Oweni,
ahoAvicula expatisa, Gryphcea bilobata, Serpula, &c.
A small outlier of the beds was proved at Brigstock Park, in a
deep well at one of the farm-houses ; but, as Prof. Judd remarks,
owing to the thick covering of Boulder Olay, the boundaries of
the outlier, as shown on the Geological Survey Map, are purely
hypothetical.*
The lower beds of the Oxford Clay were well exposed in the
Wigsthorpe cutting of the Northampton and Peterborough
* Geol. Rutland, pp. 238, 234, 239.
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Eailway, This cutting was examined by Prof. Morris and Capt.
Ibbetson, who described the section in the following terms:—
"The Oxford Clay is well seen in the Wigsthorpe cutting, near
Thorpe Aychurcb, and is marked by zones of Septaria frequently
containing fossils. Am. Kosnigi, &c., tlie lower part of the section
being thin slaty clays full oi Ammonites Jason ov Elizabethm much
compressed, Belemnites, Avicula, and numerous bivalves."*
Prof, Judd states that at the brickyard of Ashton, lying on tiie
opposite side of the Nene Valley to that of Oundle, Oxfordian
strata, probably a little higher in the series than those of Oundle
and Benefield, are worked. These consist of dark-blue clays
containing Nucula nuda, many fragments of Belemnites, crushed
Ammonites and large quantities of wood converted into jet. He
mentions that near Haddon Church a well sunk at the new
parsonage penetrated the Oxford Clay to a depth of more than
30 feet, but no water was obtained. Tlie clay brought up was
dark coloured and highly laminated. It contained many fossils,
including jBeZejnwifci Oweni, Ammonites ornatus, and Nucula nuda.
The fossils were all crushed and very 'imperfectly preserved.
At Haddon brickyard similar clays with Nucula nuda and
Belemnites, were dug.f
A cutting on the Great Northern .Railway, between Farcelt
and Yaxley (described by Prof, Judd), exposed a considerable
thickness of light-blue Boulder Clay full of chalk detritus, with
some irregular gravelly beds intercalated in it. At the bottom of
this Drift occur the dark-blue Oxfordian Clays containing very
large septaria and yielding many fossils, among which were the
following :
—
Belemnites Oweni.
hastatus.
Ammonites excavatus.
athleta.
Ammonites Dnncani.
cordatus.
Gryphaea dilatata.
Serpula vertebralis.
At Conington brickyard Prof. Judd observed blue Oxfordian
•clays, which yield abundant specimens of Belemnites Oweni, and,
somewhat rarely, examples of Gryphcea dilatata. Similar clays
have been dug at the Holme brickyard.
Extensive brickyards have been opened up near Peterborough,
at Fletton, Standground, and Woodstone, comparing well in size
with the brickyards near Oxford. In one of the openings at
Fletton, I noted 20 feet of clay with gravelly pockets on the top.
The clay is lighter near the surface, and darker grey below, and
rusty at the joints. Large cement-stones occur occasionally, and
there is a good deal of lignite, which is sometimes converted into
jet. Prof. Judd remarks that the lignite occurs in great masses,
which were evidently portions of drift timber.
About 30 years ago the fossils of the Oxford Clay were
zealously collected by Dr. Henry Porter, of Peterborough ; since
that date Mr. Alfred N. Leeds and Mr. Charles Leeds, have
* Rep. Brit. Assoc, for 1847, 1848, Sections, p. 127.
t Judd, Geol. Rutland, pp. 233-235, 237, 288.
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added very considerably to the knowledge of the vertebrate
fauna, many specimens obtained by them having been described
by Mr. Hulke, Prof. Seeley, and- Mr. Smith Woodward.
The clay is of a very tenacious character, to which Dr. Porter
bore personal testimony, for on riding on one occasion into a
brickyard at Standground, his horse took fright and plunged into
a great heap of clay recently dug, " and on trying to extricate
himself only got deeper into the mire, until both horse and rider
were completely stuck fast in the middle " ; and they required
the services of half-a-dozen men with ropes, and of many buckets
of water, before they were unmired.*
Among the fossils the most abundant form is Belemnites Oweni,
of which large examples occur. Some, according to Porter, 10
or 12 inches in length, and 2 or 3 inches in circumference. (See
p. 318.) Many iridescent and other crushed Ammonites occur at
the base of the workings.
The following is a list of Fossils from the Oxfordian Beds of
Peterborough :
—
Leedsia problematioa.
Lepidotus latifrons.
Asteraoanthus ornatissimus var.
flettonensis.
Mollusca.
Ammonites arduennensis.
' BakerisB.
hecticus.
maorocephalus.
ornatus.
Belemnites Oweni.
Gryphsea bilobata.
Brachiopoda.
Ehynchonella yarians.
Prof. Seeley has given a brief note of a well sunk at the gas-
works at Peterborough^ where the strata proved were as
follows :—
t
Ft. In.
Blue clay - - - - - - - 24
rine grey sand, with at base bones of Ornitho^sis
(= Pelorosaurus) - - • • - 12
Clay.
This record must refer to beds near the base of the Oxfordian
Series.!
Ramsey, J^hittlesey, and the Fenland.
At Eamsey and Whittlesey the Oxford Clay rises in low
"islands" in the Alluvium of the Fenland, and the same
Jtie^pUlia.
Camptosaurus Leedsi.
Omosanrns durobrivensis.
Pelorosaurus (Ornithopsis)
Leedsi.
Sarcolestes Leedsi.
Suchodus durobrivensis.
Opbthalmosaurus icenious.
Cimoliosaurus durobrivensis.
eurymerus.
Eichardsoni.
Peloneustes pbilarchus.
Fishes.
Hypsocormus Leedsi.
tenuirostris
* Geology of Peterborough, 1861, p. 61 ; see also Judd, Geol. Rutland, p. 235.
t Quart. Journ. Geol. Soc, vol. xlv. p. 391. . , .,
J The record of a boring at New England, Peterborough, is given
in the Memoir
on the Lower Oolitie Rocks of Eogland, p. aoa.
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formatioa no doubt forms the foundation over a considerable
area, to tbe west o£ Wisbech and Holbeach. It is possible that
the insulated tracts of Chatteris and March may be. outliers of
Kimeridge Clay based on Corallian and Oxford Clays; but the
older clays are concealed beneath the Mluvium, and in some
cases by Boulder Clay. The evidence obtained here and there
is not always of a conclusive nature, because Jurassic fossils are
so plentiful in the Boulder Clay, and some of the Oxford Clay
fossils recorded from March, may have been so derived.*
In a few places we have direct evidence of the Oxford Clay
in brickyards, as pointed out by Prof. Judd. Thus south of Bury,
near Ramsey, dark blue clays, with much pyrites, yielded the
following fossils, and show that there the upper portions of the
Oxford Clay occur :
—
Belemnites hastatus.
Oweni.
G-ryphsea dilatata.
A somewhat similar assemblage of fossils was met with in the
two clay-pits at Forty-foot Bridge, where many varieties of
Ammonites Lamberti occur, and Belemnites hastatus is very
abundant. Prof. Judd notes that a bed of hard rock, 8 or 10
inches in thickness, wafi found at a depth of 15 feet in one of the
pits.j At Ramsey there are several brickyards where the clay is
locally termed " Gait," as is the case generally with clay in
Cambridgeshire. A boring made in the Cricket Field at Ramsey
(1885), to a depth of 303 feet failed to find water j nor could it
reasonably have been expected at such a depth, as the sinking
was commenced in the Upper Oxfordian Beds, and considering the
argillaceous nature of the Great Oolite divisions, no reliance
could be placed on them as water-bearing strata. The details
of the sinking, communicated to me by Mr. A. C. G. Cameron,
were as follows :
—
Saurian bones.
Ammonites oordatns.
Lamberti.
Oxford Clay
and
Ci-reat Oolite
Series ?
Alluvial soil
Clay
Rook
Olay
Hard rock (pyrites)
_
Clay
^ Obalk and rook
Olay (moist)
Rook
Olay
Rook
Teet.
128
33
20
22
8
46
11
16
20
303
Trof. Judd states that to the north-west of Whittlesey the
clays are dug in a very extensive pit ; they are of a deep-blua^
colour and contain much pyrites and lignite. The fossils indeed
"' Sae List in Skertchly's Geology cf the Fenland, p. 317 ;
S.W. Norfolli and IS. Cambridgeshire, p. 9.
t Geol. Rutland, p. 287.
and WHtaker, Geol.
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are often so thickly encrusted with pyrites that It is impossible to
determine their species. Among them are the following:
—
Ammonites athleta.
Belemnites hastatuB.
Oweni.
GrypliEea dilatata (very abundant).
Serpula.
The large clay-pits at Whittlesey have yielded great numbers
of beautiful specimens of Ammonites, especially those belonging
to the Ornatus group, including the following species :
—
Ammonites Bakerise.
Comptoni.
Constanti.
eordatus (variety).
Dnncani.
Ammonites ElizabethEB.
Jason.
ornatus.
tatricus.
Belemnites, bones of SaurianS, and specimens of Gryphcea
dilatata also abound in these pits.
At Eastrea brickyard, clays, somewhat higher in the Oxfordian
series, are exposed ; these yield :
—
Saurian remains.
Ammonites Lambeiti.
Belemnites bastatus.
Belemnites Oweni.
Ebynobonella varians.
At the brickyard at Eyebury a numberof interesting vertebrate
remains have been collected by Mr. Leeds. The clays at this
place have yielded a considerable number of specimens of
Waldheimia impressa.
Near Eye several pit3 opened in the Oxfordian strata, expose
beds of blue clay with Gryphcea dilatata, and numerous Belem-
nites and Ammonites, At. Eye Green a thin ferruginous stony
seam occurs in the midst of the Oxford Clay. At this place there
are found in the clays great numbers of Ammonites in all stages
of growth, including many varieties of Ammonites Jason, and
A. ornatus : Belemnites Oweni is very rare here, while B, hastatus
(gracilis) is abundant. Waldheimia impressa also occurs, at
this locality.
At Thorney there is an excellent section of the Oxford Clay, it
being here dug to a considerable depth. Ammonites of the
Ornatus group are abundant, but the specimens are usually
encrusted with pyrites. Gryphcea dilatata occurs in prodigious
numbers, but Belemnites Oweni is very rare.*
The occurrence of Oxford Clay at some depth beneath the
surface at Lynn, in Norfolk, was suggested by Fitton, who in
1827 noted the finding of Gryphma dilatata together with other
fossils in a well sunk at Allen's Brewery .t Further reference
will be mside to this record and to a boring at March, in the
account of the Corallian Beds. (See p. 147.) Ammonites callo-
viensis, Astarte ovata, and Grypluea dilatata have been obtained
from the Fens near March. J
• The above notes are by Prof. Judd, Geol. Rutland, pp. 338, 230.
t Trans. Geol. Soc, ser. 2. toI. iv. p. 316.
j Specimens in Wisbech Museum.
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Peterborough to Bourn.
North of Peterborongh there are brickyards at Dodsthorpe or
Dogsthorpe, where the strata, as described by Prof. Judd, com-
prise light and dark-blue clays, often mottled, becoming in some
places very sandy and passing in others into light brown sands
which are somewhat indurated. The sandy rock here does not
appear to form regular beds in the clay, but to constitute nesta
and irregular lenticular masses. The beds belong to the Kella-
ways division, and include at their base, 7 feet of hard blue
" dicey " clay. In the sandy stone, great numbers of specimens
of GryphcBa bilobata, and Belemnites Oweni, including individuals
of all ages occurred. In the basement-clay there was a band
crowded with fossils including Ammonites macrocephalus, Nucula
nuda, Corbula, and Rhynchonella. Beneath this clay the Oom-
brash was proved.
At the westernmost of the two mills at Werrington a brick-
yard exhibits beds of Oxford Clay, overlaid by thick masses of
Boulder Clay with patches of gravel at its base. The Oxford
Clay here yielded bones of Ichthyosaurus, also Ammonites Duncani
and Belemnites Oweni. In the clay-pit at the east end of the
village of "Werrington the clays yield rather numerous fossils,
including Ammonites, Belemnites hastatus (very abundant),
B. Oweni, Gryphcea dilatata, Nucula nuda, and Serpula
vertebralis (abundant).
The above sections were described by Prof. Judd.* In the
Oasewick cutting of the Great Northern Railway, described by
Prof. Morris in 1853, some interesting sections of the lowest beds
of the Oxfordian series were exposed. Resting upon the Corn-
brash there was 10 feet of dark laminated unctuous clay, with
grey-brown sandy ferruginous clay ; the dark clay contained
Ammonites macrocephalus, abundantly, as well as Modiola bi-
partita, Trigonia, Thracia depressa, Nucula nuda, and Saurian
bones. The brown sandy clay, which passed into ferruginous
rock, contained many well preserved fossils, the most abundant
being as follows :
—
Ammonites calloviensis.
Belemnites Oweni.
Nantilns.
Grryphsea bilobata.
Lima rigidula.
Pecten demissus.
Pholadomya acutioosta.Avicula expansa.
Gresslya peregrina.
These fossils indicated the Kellaways rock which had not previously
been noticed in the district.f
Prof. Judd mentions that at Kate's Bridge four miles south of
Bourn there are two pits in the Kellaways strata.J In one of
these, the thickness of clay overlying the Cornbrashis only 6 feet,
the beds consisting of light-blue sandy clay containing Belem7iifes,
Gryphcea, Avicula, and other shells.
* Judd, Geol. Rutland, pp. 235, 236.
t Quart. Journ. Geol. Soc, Tol. ix. p. 333.
X Judd, Geol. llutland, p. 237.
Ft.
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Cornbrayh at the base. The outcrop of the Kellaways Beds
forms a gentle escarpment above the Gornbrash to th& nortliof
Lound.
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The] synclinal structure ehown in the cuttings confirms that
depicted on the Geological Survey Map, as outcrops of Gornbrash
are marked in places both north and south of Bourn, on the'
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eastern -side of the tract of Oxford Clay. Clays and sands
belonging to. the Kellaways division were again shown above the
Cornbrash to the north of Elderwood Farm and to the south of
Home Bottom Farm.
In the accompanying section I have drawn the strata below the
level at which they are exposed in the railway- cuttmgs, so as to
exhibit more clearly the general structure of the country.
Bourn to Sleaford, Lincoln, and Brigg.
The Kellaways Beds may be persistently traced in the country
north of Bourn, by Sleaford towards Lincoln ; indeed, according
to the observations of Messrs. W. H. Dalton and W. H. HoUoway,
they occupy a considerable area between Bourn and Folkingham,
and occur in the outliers to the west of the main mass, near
Edenham and Ingoldsby.
Section^ were exposed in brickyards near Morton and Kirkby
Underwood, and the beds were proved in a well at Aswarby Hall
(18 feet), and in the railway-cutting north of Sleaford. Clays
and shales indicating the zone of Ammonites Jason and higher
beds were seen near Burton Pedwardine and Mareham, south-east
of Sleaford.* Purplish shaly beds were shown in the brickyard
(now abandoned) north-east of Sleaford. These occur above the
Kellaways division, and they reminded me of beds that occupy
the same position near Weymouth. South-east of Digby finely
laminated clays yielding Ammonites, Avicula, Nucula, Sac, were
observed by Mr. Dalton, and in the adjoining railway-cutting he
obtained Cerithium muricatum in abundance.
We have but little" information respecting the higher zones of
the Oxford Clay in this ai-ea, for they do not often appear at the
surface ; indeed over much of the ground they are concealed by
Drift or buried beneath the Alluvium of the Fenland.
In the al-ea north of Kirkby Green, and thence along the out-
crop east of Lincoln, the Kellaways Beds have been separated
from the Oxford Clay on the Geological Survey Map. They
include at their base here as elsewhere, a band of clay, proved at
Sudbrook Holme to be 7 feet thick, and Increasing in thickness
further north. These " Basement Clays " as they are termed by
Mr. W. A. E. Ussher are rightly grouped by him as equivalent
to the "Avicula Shales" or -''Cornbrash Clay" of Yorkshire.!
(See p. 10.) The full thickness of the Kellaways Beds at
Sudbrook is about 25 feet.
Sections of the Kellaways Rock have been observed east .,of
Nocton Hall, where sands and soft sandstone occur, with Belem-
nites and Gryphaa bilobata. At other localities along the outcrop
we find an occasional pit or ditch where sand, buff, brown, and
pale-greenish in colour, has been exposed. Occasional beds of
calcareous and shelly sandstone are met with.
* Juk«s-Browne, Geol. S. W. Lincolushire. pp. 70-72 j see also H. B. Woodward,
Memoir on Lower Oolitic Bocki, p. 426.
f Geol. Lincoln, p. 73.
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At Timberland there is a large brickyard, where, beneath Fen
Deposits and Boulder Clay, the Oxford Clay of 9, dark slate
colour was exposed to a depth of 6 feet. The following species
were obtained by Mr. Jukes-Browne :—
*
Belemnites.Ammonites Lamberti.
Marise.
ooulatua.
Gryphsea dilatata.
The highest beds consisting of stiff blue clay were shown to
the depth of 40 feet in a pit near Bardney, and here the following
fossils have been found :
—
Cerichium murioatum.
Gryphaea dilatata.
Pinna.
Serpula sulcata.
tricarinata.
X Ichthyosaurus (vertebra). x
Ammonites arduennensis ? X
X cordatus. X
X Eugenii. X
X exoavatus. X
perarmatus.
The species marked x were noted by Mr. T. Eoberts.
The identifications of some of the species recorded in the
Geological Survey Memoir have been considered doubtful by
Mr. Roberts.
At Langworth brickyard, north-east of Lincoln, a somewhat
similar assemblage has been met with, including Am, Lamberti,
suggestive of the presence of that zone, together with the lower
part of thnt o? A. cordafus. The species noted by Mr. Roberts
are as follows :
—
Ammonites cordatus. Alaria bispinosa.
Eugenii. Avicula Munsteri.
hectious. Gryphsea dilatata.
Am. Lamberti was obtained here by Mr. Dalton, while Am,
perarmatus has been obtained at Rand.
South-west of Bishop's Bridge, between Glentham and West
Rasen, a well was sunk through 6 feet of mottled clay into grey
shaly clay, yielding Am. Duncani, A. canaliculatus, A. Lamberti,
and other fossils, specimens of which were obtained by
Mr. Uasher.t In a brickyard north-west of Kingerby, Belem-
nites hastatus was found ; while a somewhat lower horizon was
indicated in the brickyard east of Bishop's Norton, where
Mr. Roberts obtained Belemnites Oweni in abundance, together
with Cerithium muricatum, and Gryphaa dilatata.%
Northwards through Brigg to the shores of the Humber the
Oxfordian beds are largely concealed by the Alluvium of the
Anoholme valley.
A boring at Brigg, described by Mr. Ussher, showed the
following beds :
—
;
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At Gander Hill, south-east of Hibaldstow, there appeared to
be little more than 2 feet of clay between the Cornbrash and
Kellaways Rock, but wherever evidence could be obtained, the
clay
-was persistent.
At Winterton Holme, the beds are masked by Drift. While,
however, the Kellaways Eock appears to be so thin beneath
^"^ggj y^tj according to Mr. Ussher, it develops further south
into a series of sands irregularly consolidated into rock, and may
attain a thickness of 20 feet, while the overlying Oxford Clay is
probably about 300 feet thick.
The indurated beds in the Kellaways group generally yield
Gryphaa bilobata and Belemnites.
The exposures in the Oxford Clay in this part of Lincolnshire,
are not very important. Mr. Ussher records Posidonomya and
Leda Phillipsi from bluish-grey shaly clay at Black Dyke, east
of Waddingham. The most northerly exposure south of the
Humber is at the east end of Winterton Holme Hill, west of
Scabcroft, where the lower part of the Oxford Clay, blue clay
with limestone concretions, is shown ; and the following fossils
were obtained :—
*
Avicula insequivalvis. I Serpula tetragona.
Gryphsea dilatata.
|
Sussex and Kent.
The occurrence of Oxfordian strata in ihe south-east of England
was first made known by the results of the Sub-Wealden Boring.
There near Battle the Oxford Clay was proved beneath Corallian
and newer beds. Strata indicating a like succession, including
also Lower Oolites, have been penetrated in the Dover Boring.f
At Chatham again, Oxford Clay has been definitely proved, and
in this case directly beneath the Lower Cretaceous Strata. Hence
we may assume that a line from Battle to Dover, where the Upper
Oolites occur, corresponds roughly with the general strike of the
underground Jurassic rocks ; and that the beds have a south-
easterly dip, so that in passing from Battle to Chatham lower strata
come successively beneath the Cretaceous coverings. Finally at
Streatham and Richmond the Lower Oolites are present, and as
we proceed towards Fariugdon in Berkshire, we again come upon
the higher portions of the Oolitic series, as represented in the
Diagrams. (Figs. 1-14 and 145, pp. 288, 289.) Thus there is evi-
dence beneath this great tract of a denuded anticline of Jurassic
rocks covered by Lower Cretaceous and newer formations.
With regard to the Oxford Clay in the Sub-Wealden Boring
but little can be said. The lowest cores, as remarked by Mr.
Topley, are only one-inch in diameter, and therefore the oppor-
tunity of obtaining recognizable species of fossils was limited. At-
* Geol. North Lincolnshire, &c., pp. 91-98.
t See Memoir on the Lower Oolitic Bocks of England, p. 362, and J. F. Blake,
Annals of British Geology for 1892, pp. xxv. and 112.
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the base of the lowest bed of oolitic limestone "Dark shale" was
reached, but no fossils were recorded from it. Above this limestone,
there was a thick bed of shale and this yielded the following
fossils -whicli were identified by Mr. Etheridge :
—
Depth from surface.
Feet.
Ammonites Ohamnsseti .... 1866
(near to vertebralis) .... 1869
The specimen identified as A. Ghamusseti, is a fragment only : the
species according to D'Orbigny is very near to A. cordaims, but being
found in the Callovian strata, he assigned the distinct name to it.*
Mr. Topley at first thought it " possible that the lowest 60 feet
of the Boring may be Oxford Clay ; but this point is doubfful."t
Later on he doubtfully assigned 117 feet to this formation.
According to the detailed statement of the Aqueous Works and
Diamond Rock-Boring Co., the boring was carried to a depth of
1,906 feet and the lowest 120 feet were entirely in shale. (See
p. 347.) It is unfortunate that these differences exist. Having
regard to the position of the above fossils and the general
character of the strata, I am disposed to agree with the last
interpretation and to group 120 feet witli the Oxford Olay, being
the beds proved from 1,786 feet to the bottom of the boring.
With regard to the deep boring at Chatham Dockyard
(^1880-84), the discovery of Oxford Olay was announced in 1884
by Mr. Whitaker, from an examination of the fossils by Messrs.
G. Sharman and E. T. Newton. In this boring, after passing
through Alluvium, Gravel, Thanet Sand, Chalk, Gault, and Lower
Greensand, stiff grey clay was reached at a depth of 943 feet,
and penetrated for a depth of about 20 feet. The clay contained
pyritic and phosphatic (?) nodules, and yielded the following
fossils :—
t
Ammonites orenatus.
hecticuB ?
Lamberti.
plicatilis !
Belemnites.
Alaria triflda.
Astarte.
Pecteh.
Crustacean claws and limbs.
Bairdia.
Serpnla vertebralis.
Cidaris.
Pentaorinus Fisheri.
Cristellaria crepidula.
rotulata.
Lignite.
The evidence concerning the Jurassi/s rocks in the Dover Boring
has at length been published by Prof. W. Boyd Dawkins. From
his staterpent we learn tha.t beds of Oxfordian character were
probably touched at a depth of 769 feet below high-water mark,
and penetrated to a depth of 188 feet. The occurrence of
Gryphaa dilatata and, of Rhynchonella varians var. socialis,
together with Belemnites, as well as the stratigraphicnl position of
the strata, support the view that this series of clays, shales, and
* Pal. Fran^aiie Terrain Jurassiques, Tome i. p. 437.
t Diion, Geol. SuBser, Ed. 2, p. 155.
jWtitaker, Guide to GeoL LoBdon; Ed. 4, pp. 19, 21; J. W. Judd and C.
Homersham, Quart. Joarn. Geol.^ Soc, toI. xli. p. 526 j Whitaker, Ibid., vol. xlji.
pp. 30, 32 ; vol. xliii. p. 197 ; and Geology of London, vol. i. p. 42.
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marls, with bands of limestone and sandstone, belongs to the
Oxfordian group. (See p. 344.)
In connexion with the irregular overlap of the Lower
Cretaceous rocks over the denuded plane of Jurassic rocks in the
south-east of England, it is interesting to note that the Lower
Oolitic fossils Terebratula fimbria and Rhynchonella oolitica, and
the Oxfordian fossils Ammonites cre.natus and A. Lamberti, were
found by Godwin-Austen ; while remains of Liassic and Rhsetic
Fishes have been obtained by Mr, C. J'. A. Meyer, from the
Lower Greensand near Godalming. These fossils, derived from
the Jurassic rocks, occur in a pebble-bed that lies at the base
of the Bargate Stone-beds grouped by Mr. Meyer with the
Folkestone Beds and by Mr. Topley with the Hyihe Beds.*
* Godwin-Austen, Quart. Journ. Geol. Soc, vol. xii. p. 71 ; Meyer, on the Lower
Greensand of Godalming (Geol. Assoc, 1868, printed separately) ; Geologist,
Tol. vi. p. 52 ; Geol. Mag., toI. i. p. 249 ; Topley, Geology of the Weald, p. 1S2 ; and
F, Chapman, Quart. Journ. Geol. Soc., vol. 1. p. 677.
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CHAPTER V.
5
coeallian.
General Account of the Strata.
Between the Oxford Clay and the Kimeridge Clay there is a
variable series of rock-beds that are well shown in the cliffs near
Weymouth, and extend inland to the neighbourhood of Oxford.
They are again seen at Upware, near Cambridge ; but over chief
part of the area from the nottb-east of Oxford to north Lincoln-
shire this intermediate formation is represented mainly by clays.
Further on in Yorkshire the rock-beds are prominently deve-
loped ; and they are again shown in the far north, at Brora, in
Sutherlandshire. In mass this division consists of calcareous
sandstone and sand, termed " Calcai-eous Grit " ; and of oolite,
pisolite, and rubbly coral-rock known as " Coral Rag " ; but in the
early days of geology the clayey equivalents were not recognized
as part of the series.
Townsend, who derived his information from William Smith,
divided the beds, in 1813, into Calcareous Girit, with overlying
Superior Oolite. The latter term, however, was too general a
one, being applicable not only to the Portland Stone, but to the
Great Oolite ; hence Smith, later on (1815-16) spoke of the beds
as Coral Rag and Pisolite, and for many years, even to the
present day, the name " Coral Rag," as adopted by Conybeare,
has been used for the formation as a whole.*
Buckland, in 1818, divided the beds into Calcareous Grit,
Coral Rag, and tipper or Oxford Oolite ; but this upward
sequence, derived from sections near Oxford, was of very local
application.t
A more general classification was introduced in 1829,f by John
Phillips, who divided the beds in Yorkshire, as follows :
—
Upper Caloareoua Grit.
Coralline Oolite.
Lower Calcareous Grit.
These subdivisions were adopted by the Geological Survey, for
the strata from Dorsetshire to Berkshire, although in the process
of mapping, the three portions, or distinct representatives of them,
could not always be identified.
D'Orbigny had, in 1849, proposed the name Corallian for the
formation,§ and this is now generally adopted ; because, as a
group-name, it is better than that of Coral Rag, for the variable
strata that occur between the Oxford and Kimeridge Clays.
* Conybeare and Phillips, Geol. England and Wales, 1822, p. 185.
t Table appended to the Geology of England and Wales, by William Phillips,
1818.
J Geology of Yorkshire, Part I.
§ The name Corallian was taken from the ccdcaire corallien of Thurmann,
D'Orbigny, Pal. Fran(;aise, Terrains Jurassiques, Tome i p. 609.
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Our present knowledge of the Corallian Beds is most largely
due to the researches of Prof. J. F. Blake and Mr. W. H.
Hudleston, who, in 1877, gave a very full description of the strata
and their fossUs.* They showed the need of adopting local
stratigraphical divisions, so that the nature of the beds and their
changes might be better understood. In Yorkshire, especially,
the threefold division of Phillips, was found to be inadequate, and
in Dorsetshire other very local divisions were found necessary,
and to these reference will subsequently be made.
In our area from Dorsetshire to Lincolnshire, two broad
divisions can, as a rule, be made in the Corallian Beds.
The lower portion includes occasional beds of clay, but consists
mainly of calcareous sandstone, and of sands with large doggers
or concretionary masses of sandstone. Small pebbles of lydite
occur in certain localities.
The upper portion, which on the whole is more variable in
character, comprises a series of limestones, oolitic, pisolitic, and
shelly, with beds of coral-rag and occasional sandy and clayey
beds.
The Corallian Beds may thus be grouped as follows :
—
jj r Upper Calcareous Grit, Upper"! Zone of
n ?r^^ "1 Coral Rag and Ironstone. > AmmonitesOoraUian.
j^c^j.^^! ^^g and Coralline Oolite. J plicatilis. ^
|. r Zone of
ower I Lower Calcareous Grit - -< Ammonites
Corallian. |
^ perarmatus.
Where fully developed, as in Dorsetshire, the total thickness of
the series is about 200 feet. In parts of Wiltshire, it is about
100 feet, and the thickness diminishes as we proceed into
Oxfordshire.
In Dorsetshire there is perfect conformity between the
Corallian Rocks, and both Oxford and Kimeridge Clays. As the
beds are traced through Wiltshire into Berkshire and Oxfordshire,
the junction of Corallian Beds and Oxford Clay remains conform-
able, but there is a comparatively abrupt change from the Corallian
Beds to the Kimeridge Clay, and near Oxford there are indica-
tions of some pause between the deposition of the strata.
Further north too, where the rock-beds are but thinly repre-
sented, there may have been some local erosion.
Formation of the Strata— Coral Banks.
Broadly speaking, the formation affords evidence of sandy
sediments, followed by calcareous sheUy beds, current-bedded^
oolites, and coral-growths.
Mr. Hudleston has remarked on the probability of oolitic
beds being formed in one area, and gritty beds in another, so
that oolitic grains were sometimes drifted.f
_
Thus we find, as
near Highworth, sandstones with oolitic grains. There is also
* Quart. Journ. Geol. Soc. vol. xxxiii. p. 383 ; Geol. Mag. 1878, p. 91.
t Proc. Geol. Assoc, vol. iv. pp. 384,
385.
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abutidknt evidence ofi reconstruction among the upper beds in
Berkshire, wher« pebbles of oolite and limestone bored by
Lithodomi, as well as lyiditei pebbles, occur on two or more
horizons in the strata.
The beds altogether exhibit evidence of shallow water. Ripple-
marks and worm-burrows are found on some of the sandj layers.
Lignite, too, is not uncommonly preserved in thie striatal We
have, in fact, more pronounced indications of the proximity of
land than we find elsewhere in the: older Oolitic strata of 'the
south-west of England^ if we except the Inferior Oolite of the
Mendip Hills. The land-area probably lay to the south or
south-east.
It has been mentioned that in the Jurassic rocks there are
occasional Coral-banks of limited extent, but little or no evidence
of particular reefs.* The term " reef " has however been applied
by some geologists to the lenticular bands of Coral-rock that
occur here and there in the Lower Oolites^ and in the Coraliian
Beds. The " Coral Rag," according to Dr. Wright, "-haS' long
been considered to be the great metropolis of Jurassic Corals
;
and although in certain regions reef-structures are found, the
specimens are for the most part collected from beds that crop out
at the surface of arable lands."t These remarks apply to the
celebrated locality of Steeple Ashton, in Wiltshire. In other
parts the " reefs " described by Messrs, Blake and Hudleston,
consist of bands of coral-limestone, rubbly coral-rock, and clay.
Layers of large masses of ThamnastrcBa, Thecosmilia, and Isas-
traa, bored by Lithodomiis, are met with here and there ; and the
coral-rock itself is often changed into crystalline limestone, in
which the organic structure is no longer visible. In many cases
the coral-growth was in situ, in other cases some of the specimens
appear to have been drifted, t Duncan spoke of the Coraliian
Beds as affording evidence of the last "reefs" of the British
Area.§
The association of oolite and Coral-reefs in modem days, has
been already pointed out ; and it is interesting to find that, as is
the case with the Inferior Oolite and the Great Oolite, there are
bands of coral-growth associated with the more oolitic beds in the
Coraliian formation. The same is the case with the Lower Lias at
Applecross, in Ross-shire. Reference has also been made to the
formation of Pisolite, and to the minute tubular structures dis-
covered by Mr. E. Wethered, and which he has referred to
Giroanella. ||
The general character of the Coraliian Beds is shown in the
diagram, Fig. 66, p. 107.
* Memoir on the Lias of England and Wales, p. 16.
t Proc. Cotteswold Club, vol. iv. p. 154.
t Quart. Journ. Geol. Soc, vol. xxxiii. pp.288, 291, 293, &c. j see also Fox-
Strangways, Jurassic Kocks of Yorkshire, pp. 398, &c.
§ liep. Brit. Assoc, for 1869, p. 165.
II
H. B. Woodward, Memoir on the Lower Oolitic Rooks of England, pp. 14, &o.
Wethered, Geol. Mag., 1889, p. 1R6, and Quart. Journ. Geol. Soc, vol. li. p. 196;
G. E. Harris, Proc. Geol. Assoc, vol. xiv. p. 59.
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Microscopic Structure of Coralhan Rocks.
Microscopic sections of the rocks have been exiamjned \)J
Mr. J. J. H. Teall, who reports as follows :—
*
In the Osmington ooUte the grains show concentric and radiate struc-
ture with Qirvanella-&tfa.cUiXQ (?) in the nuclei of one or two grains.
Quartz grains act as nuclei in several instances, and there are small hlaok
grains scattered through some of the oolite grains. Fragments of shells
also occur, and the matrix is of clear crystalline oalcite and calcareous
mud.
The Todbere freestone showed oolite grains with ill-deflned structure,
also pellets, quartz-grains, &c., in a matrix of fine-grained erystjilline
calcite.
The oolite of Westbury, in Wiltshire, showed pellets, oolite grains,
Foraminifera, &o., in a fine-grained matrix of ciystalline calcite.
The oolitic and pisolitic limestones of Stower and Keevil, showed,-in
addition to the oolite and pisolite grains, organic fragments, &c., in a
matrix of crystalline calcite. Foraminifera occur at Keevil, and some of
the oolite grains are compound.
The margin of some of the pisolitic grains from Stower, shows a very
minute form of Girwasneifci-struoture, and a similar strucbure, somewhat
more obscure, occurs in the centre of some grains.f
Very fine G^ir«aneJ?aistructure occurs in the pisolite of Sturminster
Newton. Mechanical picking-up of foreign-matter must also have played
'
a part in the growth of the pisolite, because the grains contain quartz-
fragments.
In the limestone of Wheatley, fragments of organic remains, and
pellets (of calcareous mud ?) occur in a matrix of crystalline calcite.
In the Bencliff Grits of Osmington, and in the Lower Calcareous Grit
of Seend and Calne, the rock consists of quartz-grains, in a matrix of
crystalline and granular calcite. Organic fragments were seen in the
rocks from Seend and Oalne. In the Bencliff rock, the quartz-grains are
angular-.
In the Upper Oorallian sandstone of Highworlh, there occur in addition
to quartz-grains, ooUto and pisolite grains, and organic fragments,
cemented by calcite. (See p. 119.)
The top bed of Coral Bag at Ringstead Bay, an iron-shot earthy lime-
stone, showed brown grains of ferruginous oolite and angular fragments
of quartz in a fine-grained calcareous matrix.
The Iron-ore of Westbury, in Wiltshire, showed reddish-brown oolitic
grains with concentric structure. The nucleus in one grain is a fragment
of another grain. The matrix is yellowish-green, and contains numerous
small detached grains of colourless calcite.J
Zones,
The Corallian Beds may be divided into two broad palseonto-
logical groups—the zones of Ammonites perarmatus and A.
plicatilis.^
As before mentioned (p. 9), Oppel|| included the Oorallian Rooks in
his " -Oxford Group," the lower zone being that of Ammonites biarmatus^
(equivalent generally to that here grouped as the Upper Oxford Olay, or
zone of A. eordatus) ; and the upper zone bein^ that of Oidaris florigemma,
that embraced the main mass of our Oorallian Rocks, or the zones of
A. perarmatus and A. pUcatilis.
* See also Sorby, Quart. Journ. Geol. Soc, vol. xxxv. (Proc.) p. 80.
t See riate I. Fig. 1, in Memoir on the Lower Oolitic Rocks of England, p. 27.
J See Plate II. Fig. 12, in Memoir on the Lower Oolitic Rocks of England, p. 2'J.
§ See also Fox-Strangways, Jurassic Hocks of Yorkshire, vol. i. p. 301.
II
Die Juraformation, p. 624.
IT -A. biarmatus, Ziet., was regarded by D'Orbigny as the same as A. perarmatus,
Sow.
F 2
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It is well known that Cidaris Jlorigemma prevails in the
higher portion of the zone of A. plicatilis in this country, and
especially in the upper Coral Kag ; but it is not confined to that
position. On the Continent, moreover, two " zones " of this
Echinoid have locally been constituted, so that its vertical range
is too wide to render it of particular value as a restricted zonal
index. Corals and Echinoids are preserved locally according to
the conditions. Thus it is that we find an " Upper Coral Rag "
in some places, or an Upper " zone " of Cidarisflorigemma.
Ammonites perarmatus is conveniently taken as marking a zone
equivalent to the Lower Corallian Beds, although it does occur
also in the Oxford Clay together with A. cordatus. Both specieis
moreover have been recorded from Upper Corallian Beds.
In defining the boundary between Corallian Eocks and
Kimeridge Clay we must be guided mainly by stratigraphical
considerations, admitting that in conformable strata the actual
boundary may be taken at somewhat varying chronological
horizons.
Thus some difficulty has been felt in the Weymouth district in
grouping the Upper Coral Kag of Osmington and the Abbotsbury
Ironstone with the Corallian Beds, becai:se the fossils show
aifinities with beds that on the Continent have been placed in the
Kimeridge Group. Damon went so far as to term the Upper
Coral Bag the " Kimeridge Grit."*
We find however that Continental geologists are not all of one
opinion on questions of nomenclature,t and it is obviously wrong
to alter classifications based on the strata developed in this
country, to suit the varied stratigraphy of different districts on the
Continent. We may object therefore to place any portion of our
Corallian Rpcks with the Oxford or Kimeridge formations, as we
object to include our Portland strata with the Kimeridge Beds.
Correlations may be made by means of zones ; and zones them-
telves uiay be grouped together irrespective of formations. The
zones, however, that are included in the Oxfordian group should
be restricted to those belonging to the strata that gave name to
the group.
The zones marked by Oppel, above that of Cidaris florigemma were (in
ascending order) those of Diceras arietina, Astarte supracorallina, and
Pterocera oceani. The zone of Biceras is regarded as part of the Corallian,
and woiild be included in our zone of Ammonites plicatilis. The zone of
Aitarte being based on a limestone-fauna, cannot be compared with our
formations, suffice it to say that it contains an admixture of Corallian
ard Kimeridge Clay fossils ; and if the beds had been developed in this
country, they would doubtless have been linked with the Corallian. The
zone of Pterocera oceani contains essentially a Kimeridge Clay fauna, and
ib is noteworthy that although the genus has been recorded from the
Abbotsbury Ironstone, its identification from beds in this country is now
considered to have been erroneous. (See p. 152.)
* Geology of Weymouth, 1884, p. 65.
t See for instance, S. Nikitin, Die Cephalopoden fauna der Jurabildungen, 1884,
pp. 72, 73. He therein includes the Kimeiidgian zone of Ammonitei altemans in
the " Oxford " strata.
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Organic Remains.
Among the fossils of the Lower Calcareous Grit perhaps the
most remarkable is the Ammonites perarmatus, which occurs more
especially in Wiltshire, Berkshire, and Oxfordshire, with the
chambers only preserved in the form of casts. Specimens of this
kind were named "Ammonites catena."* The interior of the
Ammonites was filled with ferruginous and calcareous mud or
simd, and the shell and septa have subsequently been dissolved
away, leaving only the casts of chambers in a loose form or linked
together so as to resemble a rough tapering chain. Ammonites
cordatus also occurs in the form of casts.
Under the name Rhaxella perforata. Dr. G. 'J. Hinde has
described certain small siliceous sponges, whose skeleton is
entirely built up of aggregated masses of minute globate spicules.
Attention had previously been directed by Sorby to the occur*
rence of these organisms in the Corallian Rocks of Yorkshire, and
subsequently Prof. J. F. Blake noticed ihe same forms (under the
name " Renulina sorbyana ") in equivalent rocks of Dorsetshire
and Wiltshire, at Sturminster Newton and Hillmarton.t The
nature of the detached spicules was not, however, understood
until Dr. Hinde had studied them.J He observes that a few
Calcisponges have been found in the Coral Rag of Lyneham,
Wiltshire.
The more noteworthy fossils in the Upper Oorallian Rocks,
include, in addition to the Ammonites and Belemnites, many
Gasteropods, such as Nerinma, Chemnitzia, and Bourguetia. The
large Bourguetia or " Phasianella " striata appears to be identical
with a form found in the Inferior Oolite of Cleeve Hill, near
Cheltenham. Beds, rich in Trigonia are found, and of these
the pavements on the foreshore near Weymouth are striking
examples. Brachiopoda are, as a rule, comparatively rare ; and it
is remarkable that few Polyzoa have been obtained.
The most abundant of the Echinoderms is Echinobrissus
scutatus ; more interesting perhaps are the clusters of Hemicidaris
intermedia that have been found at Calne ; while among other
forms Pygaster umbrella, and species of Pygurus are locally
abundant, and spines of Cidaris florigemma are very frequently
met with.
Among Corals, the " Honeycomb Coral " Isastraa explanata,
so abundant at Headington, also Th'ecosmilia annularis, and
Thamnastrcea arachnoides, are those more commonly to be
obtained.
Saurian remains are rarely found ; and remains of Fishes, such
as Asteracanthus, and Lepidotus, are only occasionally met with in
the Oorallian Rocks.
The occurrence in the lower beds of Ammonites cordatus. A,
perarmatus, Belemnites hastatus, GryphcBa dilatata, &c. links them
* See Sowerby, Mineral Conehology, vol. v. p. 21.
t Quart. Joum. Geol. Soc, vol. xlvi. p. 54 ; Micros. Journ., vol. xv. p. 262.
X British Jurassic Sponges, pp. 192, 212.
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with the Oxford Clay ; while the occurrence in the upper beds of
Ammonites decipiens, A, mutabilis, Ostrea deltoidea, and Rhyn-
chonella inconstans, links them with the Kimeridge Clay.
The common and eharacteristic fossils of the Lower and Upper
Oorallian Beds include the following species, but they are not all
of them confined %o therhoxizons indicated:-'^
COEALLIAN.
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COEALLIAN CepHALOPODS AND GaSTEROPODS.
Fig. 25. Fig. 28.
Fig. 26.
Fig. 30.
Fig. 27. Fig. 29.
Fie. 25. Ammonites perarmatuB, Sow., J.
„ 26. plicatilis, Bow., i.
„ 27. Belemnites abbreviatus. Mill., i.
„ 28. Boiirguetia {" Pbasianella") striata, Sow., J.
„ 29. Ohemnitzia (Pseudomelauia) heddingbonensis. Sow.,
,, 30. Fleurotomaria reticulata Sow., %.
COEAI.LIAN.
OORALLIAN LaMEIXIBRANCHS
Fig. 31.
79
Fig. 32.
Fig. 33.
Fig. 34.
Fig. 35 Fig.
36.
Fig. 37. Fig. 38.
Fia. 31. Trigonia Meriani, Ag., |.
^^
32. clavellata, Sow., }.
^^
33. monilifera, Ag., f
.
,
34. Exogyra nana, Bow., Nat.
size.
36. GerviIliaaviouloideB,5ow.,5.
Fig. 36. Pecten articnlatus, Behloth.,
Nat. size.
„ 37. Hinnites tnmidus, Ziet, f
.
„ 38. Ostrea gregaria, Sow., Nat.
size.
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oorallian eohinoids.
Fig. 39. Fig. 41.
Fig, 40.
Fig. 42. Fig. 43.
Fio. 39. Cidaris florip:emma, Phil., J.
„ 40. Bpine, f
.
„ 41. Smitiii, WrigU, i.
„ 42. Echinobris^us scuiatus, Lam.
,
, 43. Hemicidana intermedia, Flem.
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Cqkallian Cokals.
Fig. 44. Fig. 45.
\.v.f.
Fig. 46. Fig. 48.
FiG. 47.
Fig. 44. Montlivaltia dispar, Fhil.
„ 45. Comoseris irradians, M. JSdw.
„ 46. Isastrsea explanata. Gold/., f.
,,
47. Thamnastrsea araohnoides, Parfc.
, J.
„ 48. Theoosmilia annularis, Flem., |.
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CHAPTER VI.
cokallian.
Local Details.
Weymouth.
Nowhere in our district are the CoraJlian Beds so well exposed
as in the neighbourhood of Weymouth. They are shown in the
cliffs that extend from the Nothe Fort at Weymouth to Sandsfoot
Castle, and also for a short distance along the shores of the
East Fleet. They are again displayed in the cliffs that extend
along the northern side of Weymouth Bay, past Osmington to
Kingstead Bay. Throughout they furnish rich fossil-beds, and
they have naturally attached much attention from geologists.
Sedgwick, in 1820, examined the strata, and subsequently gave a short
account of the principal subdivisions ; he also noted that certain fossUs
passed from the Oxford Olay to the " Coral Kag," and from the " Coral
Eag " to the Kimeridge Clay.*
Fitton, in 1827, briefly referred to the beds as " Weymouth Strata, and
Oxford Oolite," the term "Weymouth clay and sand being applied to the
upper portion of the Corallian Series. He also gave a short list of fossils
from the neighbourhood of Weymouth.f
A more particular account of the formation was given in 1830 by
Buckland and De la Beche, -who described the beds as " Coralline, or
Oxford Oolite, and Calcareous Grit."J
Robert Damon, in 1860, gave a general account of the rooks and fossils,
and this he considerably amplified in 1884. §
In the meanwhile, in 1877, Messrs. Blake and Hudleston published
their full and excellent account of the Corallian Eocks ; and therein
described and named the chief subdivisions, near Weymouth, with
particular lists of their fossils. ||
Adopting the names given by Messrs. Blake and Hudleston for
the local divisions of the Corallian Rocks, we have the following
sequence:
—
Ft. In. Ft. In.
Kimeridge Clay.
Upper Corallian
Lower Corallian <
Oxford Clay.
Upper Coral-rag and Abbots-")
bury Iron-ore - -
(
Sandsfoot Grits (named from ^15 to 25
Sandsfoot Castle, south of
Weymouth) - -
-J
Sandsfoot Olay
Trigonia Beds -
^Osmington Oolite
Bencliff Grits (named
Bencliflf, south of'
mouth)
Nothe Olay (named from the
Nothe Fort, Weymouth)
Nothe Grits
-
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Although the subdivisions vary much In thickness, the total
thickness of the Corallian Series at Weymouth and Osmington
appears, according to my measurements, to be much the same
—
about 200 feet—^the actual thickness recorded at AVeymouth being
196 feet, and at Osmington 203 feet. Some of the subdivisions
shade one into the other so that there is no marked plane of
division between them, and varying thicknesses, as in the case of
the Bencliff Grits and Nothe Olays, may be assigned locally to
each of them.
Commencing on the western side of Ringstead Bay and
proceeding towards Osmington Mill, we find low cliffs ofKimeridge
Clay (blue clays that contain layers of Ostrea deltoidea, and a
band of shelly limestone with Exogyra nana, &c.) capped iu places
by gravel. Underlying the Kimeridge Clay, a thin band of grey
earthy and iron-shot limestone crops out to the east of the
plantation and to the west of the boat-house ; it is partially slipped
and also slightly faulted and repeated in places. This is the
" Kimmeridge Grit " of Robert Damon ; the " Upper Coral Rag "
of Blake and Hudleston. It is a richly fossiliferous bed from
which there is no diflSculty in obtaining many fossils.* Teeth,
scales, and coprolites of Fishes, and remains of Asteracanthus
ornatissimus, are recorded by Damon ; and Prof. Blake has
found Eryma Babeaui, and other fossils mostly obtained from the
" Kimmeridge Passage-beds " near Sandsfoot Castle.
This interesting bed is sometimes concealed by slips or by recent
marine accumulations, and the details of the strata down to the
Trigonia Beds, were not clearly to be noted during my visit in
1884. The bed may however be traced in places along the upper
part of the cliff to the flag-staff belonging to the Coast-guard
station, a little east of Osmington. A little below this point I
saw the bed in 1893, when in company with Mr. Strahan.
Underlying this fossiliferous bed, there are very ferruginous beds,
clays with bands of nodular ironstone (equivalent probably to the
Abbotsbury iron-ore), and these rest on one or two bands of red
calcareous sandstone with Belemnites (Sandsfoot Grits), below
which are the Sandsfoot Clays, not clearly exposed.
From the base of these clays the sequence is well shown down
to the Nothe Grits, in the cliffs and in the ledges on the foreshore
extending westwards to the cascade near Osmingtoii Picnic Inn.
The beds rise a little in a gentle anticlinal lo the west of this
point, where they are faulted against the Kimeridge Clay, &c.
The sequence is generally similar to that of the Weymouth Cliffs,
shown in Fig. 49, p. 83.
The sequence from Ringstead Bay to near the Cascade at
Osmington is as follows :
—
* The specimens obtained by myself aic included in the list on p. 95. Lists have
been published by E. Damon, Geology of Weymouth, 1884, p. 65 ; J. F. Blake,
Quart. Journ. Geol. Soc, vol. xxxi. p. 214; Blake and Hudleston, ibid., vol. xxxiii.
p. 272 ; and W. Waagen, Versuch elner allgemeineu Classification der Schichten
des obereu .Tura (Munich), 1865.
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ICijneridge Clay-x
tv'"Upper Coral Rag
and Sandsfoot
Grits.
Trigonia Beds -<
"Clay with layers of Ostrea deltoidea,
Bihynchonella inconsians, Serptda in-
tesUnalie, &c. i > .
Band of shelly limestone with Exogyra,
nana.
,
>
^Clay -
_
- .
'Grey earthy litnestone; Fossil-bed ' -
Ferruginous beds : clay with bahds of
nodular ironstone, and gritty calca-
reous bands. Ostrea deltoidea
Eed grits (one or two beds) and grey,
gritty, and sandy beds - 2 to
.^^ndBfoot Glay - "Clays with 0. deltoidea - ID' to
'G-rey, and more or less iron-stained
and oolitic limestones, with abundant
fucoidal markings ; divided in places
by 4 ft. of yellowish-grey oolitic marl,
and thin clay bands ; with Ammo-
nites, Ostrea solitaria, Peaten fibrosus,
Perna mytiloides,Pholadomya oequaUe,
Trigonia Meriani, T. elavellata, &c. -
'Eubbly and nodular limestones, alter-
nating with bands of oolite (more or
less shelly), oolitic marl, and ocoa-
I fiional pisolite, the most conspicuous
band of pisolite being about 6 feet
from the base. Pecten, Ohemnitzia,
Nerincea, Ostrea, Trigoma, Echino-
irissus dimidiattts, and plant-stem.
The basement-bed is a calcareous and
oolitic grit, with tnbiform and fucoi^
dal markings - - - about
^Brown false-bedded sands, with large
concretionary masses of calcareous
sandstone, or " Doggers," and flaggy
beds, showing ripple-marks, with
laminated clay and sand, and seams
of carbonaceous clay : seen to a thick-
ness of- - - - -
Clays [the full thickness of these clays
could not here be estimated, owing
to the junction with the overlying
Bencliff Grits being hidden by slips j
.and the beds 'are at one point
faulted].
'Greyish calcareous grits, shales, marly
clays with bands ofnodular calcareous
sandstone: Qfrypjicea dilatata abutt-
dant, Ostrea, Serpula, &c. Seen to
depth of - -
.Ft. I^i
Osmingtoti Oolite.
Bencliff Grits
Nothe Clay
Nothe Grits
.<{
14
12
'o^"'
15 9
60
11 6
12
West of Osmiugton, in tlie cliffs of Black Head, we again have a
grand exhibition of the Corallian BedB, surmounted by the dark
Kimeridge Clay. The beds occupy a synclinal curve, faulted on
the eastern side against the Kimeridge Clay, where the lowest
beds seen (west of the fault) are the Bencliff Grits. Westwards
the entire sequence may be seen down to the Oxford Clay, while
on the foreshore the beds are well exhibited in the ledges forpaed
by the Trigonia Beds, the Osmington Oolite, &c., which rua
westwards curving slightly inwards towards the cliffs.
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Immediately west of the steps leading to the beach from the
Picnic Inn, there are indications of the upper Corallian Beds,
although at times they are almost entirely concealed by slipped
masses of the Kimeridge Clay. The beds are more or less veined
with calc-spar (the result of disturbance), and the Belemnites and
Lamellibranchs are occasionally bent. The lower Corallian Beds
down to the Osmington Oolite occur successively on the fore-
shore.
Fig. 50.
Section of the Cliff west of Black Head, near Osmington, Dorset.
4. Bencliff Grits.
'
3. Nothe Clay.
2. Nothe Grits.
1. Oxford Clay.
'
Lower
' Corallian.
7. Sandsfcot Clay.
6. Trigonia Beds.
5. OsmiDgton Oolite.
Upper
Corallian.
The Section of the Corallian Beds in the cliflfs of Black Head,
west of Osmington, is as follows :
—
TBlne clays.
J
Band of gritty limestone with Exogyra
Eimeridge Clay -< nana, Serpula, &c.
1 Clays with Ostrea deltoidea, Shyncho-
L. nella inconstcms, &c. - - .
TrT,T,oi. rr.,.ol Pcy/Grrey earthy and iron-shot limestone,Upper Coral Eag
I irregular and nodular. Fossil-bed .
"Clays with ironstone nodnles, gritty
calcareous bands, and cement stones
:
Ostrea deltoidea, BhyncJionella. Thick-
ness variable from about - 9 to
Sandsfoot Grits -<( Red, brown, and greenish-grey oolitic
and calcareous and ferruginous sand-
stones, with quartz-grains : Ostrea
deltoidea (in layers), Belemnites, Ser-
pula, &c. - - . .
TBluish-grey clay with layers of Ostrea
1 deltoidea ....
J Sandy and ferruginous clays, with
'
) sandy iron-shot nodules
Bluish-grey marly clay with pale earthy
cement stones : Ostrea deltoidea
'Red, grey, and purplish-coloured cal-
careous gritty and ferruginous rocks,
in irregular beds, shelly and spari-y,
and more or less oolitic, with bands
of oolitic marl and clay ; Ammonites
pUeatilis, Nerincea, Oervillia, Trigo-
nia clavellata, and Corals
Sandsfoot Clay
Trigonia Beds -<
Ft. In.
12
11
4
10
14
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Osmington Oolite<
Ft. In.
"Irregular bluish nodular oolitic lime-
stones and marls, with Ohemnitzia-
bed in upper part, that forms a pro-
minent whitish ridge along the
foreshore. Am/monites, Fleurotomaria 10
Shelly oolite and oolitic marly clays - 6 6
Clays and nodular earthy limestones
(thicker in places) - - - 6
Oolite, shelly, ferruginous, and pisolitic
(at base) : Ostrea, plant-remains, and
tubiform markings - - - 6 6
Bluish-grey oolitic marl, with imper-
sistent band of pale earthy limestone 2
False-bedded oolite with shelly layers,
Pecten, and vertical tubiform mark-
ings at base - - -
Oolitic marly bed
False-bedded shelly oolite, with tubi-
form markings ...
Rubbly earthy limestones and marls,
oolitic in places
Grey iron-shot oolite and pisolite
Marly oolitic clay, with irregular band
of sandy and shelly oolite - -60
Laminated sands and clays, and in-~l
durated yellow sands, with doggers
|
Benclifif Grits -] of hard blue calcareous sandstone SIO
I
(some 6 feet in diameter) -
(
[Flaggy grits - -
-J
f Bluish sandy clays : Ostrea, Pleuroto-
' \ maria, and Serpula, near base - 40
TAlternations of irregular and rubbly-
looking calcareous grits (much iron-
I stained), and bluish marly clay 12
I Bluish-grey marly clay - - -80
J Bluish and yellowish-grey, slightly cal-
careous sandstones, with impure
cement-stone nodules ; fucoidal mark-
ings on the surfaces of the beds, the
top layer a massive shelly bed, Gry-
phma dilaiata, Fleurotomaria, &o. - 15
Bluish-grey clay, with calcareous
nodules near top.
9
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On the shore here, as also to the east of Osmington cascade,
we find many tumbled Doggers from the BencUff Grits, huge
masses of calcareous sandstone from 3 to 6 feet or more ia
diameter, and of various forms, some having an irregular bulging
shape, and others of a flattened spheroidal form with protu-
berances and hollows. Sometimes they exhibit false-bedding
with oblique layers capped by horizontal- layers. Small cavities
here and there in the rock are due to the dislodgment of iron-
pyrites. The grits which contain shelly layers with Lamelli-
branchs, are here much thicker than l^further east, and present
a section somewhat simiLir to that seen at BencUfE, south of
Weymouth. These beds appear to merge downwards into the
Nothe Clays which, as at Weymouth, contain indurated bands of
sandy limestone.
At RedclifF the Nothe Grits comprise about 20 feet of massive
beds of brown calcareous sandstone, more or less concretionary,
with some nodules or doggers of calc-grit, also fucoidal markings,
and a clayey division about 4 feet thick. The beds here yield
Ammonites, Cliemnitzia, Gryphcea dilatuta, Homomya, Myacites
securiformis , Ostrea gregaria, Pecten fihrosus, &c. The junction
with the Oxford Clay is well shown as follows :
—
Ft. In.
Notte Grits,
fSandy clays with liard limestone
I
nodules : passing down into indurated
n f ,1 m J calcareous clay - - - 4uxtora l.iay
-< Bi„igii.grey sandy clay with thin band
) of earthy limestone.
(_Blue clay.
Passing to the south side of Weymouth Harbour we find the
Nothe Grits exposed above the Oxford Clay in the brickyard to
the west of the Union Workhouse. The sandy and slightly
calcareous clay resting on the Nothe Grits, has been dug for
brickmaking, but the upper part of the clay contains too many
fossils to be a good brickeai'th. These Lower Corallian Beds
extend along the slopes to the Nothe Point. They consist of
sands and calcareous grits with quartz grains and fucoidal
markings. They are overlaid by the Nothe Clay, here about
30 feet thick, which extends along the Nothe promontory, and the
Grits are exposed beneath them on the foreshore to the south of
the Notlie Fort.
A well sunk through the clays near Eodwell House obtained
from the Nothe Grits sufficient water to supply a great part of
old Weymouth.
The Nothe Grits here yield Belemnites, Chemnitzia, Gryphcea
dilatata, Pholadomya, Myacites decurtatus, Ostrea, Pecten, Trigonia,
Lignite, &c.
The Nothe Clay, consisting of bluisli-grey marly and shaly
clays with indurated' bands of calcareous sandstone and selenite,
is exposed in the little bay south-west of the Nothe ; here the
thickness is estimated at 40 feet by Messrs. Blake and Hudleston.
The beds yield Belemnites, Ostrea, Pecten Jibrosu^, Thracia, &Q.
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Towards Bencliff (or Binoleave) these clays are overlaid by
the Bencliff Grits and Osmingtoa Oolite, in the following
sequence :
—
Ft. In.
Osmino'ton Oolite
-f
^^^"^ fi^coidal bed with scattered oolitic
" 1 grains - , - - - 2
'Fucoidal gritty beds, with clayey no-
dules - - . - 4
Palo grey earthy nodular beds and
bluish clays - - 12
Hard band of calcareous sandstone 1 6
Brown sand and sandstone, with str&aks
of laminated clay, becoming more
clayey towards the base, where there
occur hard doggers of calcareous
^ sandstone - - 18
Nothe Clay - Blue clay.
Proceeding southwards, the Osmington Oolite with Chemnitzia
Iteddingtonensis, follows on in upward succession, surmounted by
the Trigonia Beds, and these form the foreshore of the Western
Ledges, and we walk for some distance over a pavement of
Trigonias, like that exposed in places beneath the cliffs of Black
Head, Osmington. Trigonia clavellata is the more abundant
form, and slabs containing 30 or 40 specimens have been obtained
from near Osmington.* Much time and labour have been
expended in cleaning them, and it is by no means easy to obtain
a perfect example from the exposed portions of the strata.
The Trigonia Beds are overlaid by the Sandsfoot Clay, well
seen in Castle Cove north of Sandsfoot Castle, and exposed also
Fig. 51.
•Section south of Sandsfoot Castle, Weymouth.
fi.
Ked and brpwn ferruginous sand and sandstones.
3. Blue sandy clay, 6 feet.
2. Red and brown ferruginous sandstones, 11 feet.
1. Blue sandy clay
I Sandsfoot
[
Grits.
Saudsfoot Clay.
* See J. Buckman, Trans. Dorset Nat. Hist. Club, vol. ii. p. 19 ; also Frontispiece
to Damon's Geology of Weymouth, 1884 ; and J. C. Mansel-Pleydell, Proc. Dorset
Nat. Hist. Club, vol. iii. p. 111.
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in the cliffs to the north and south. The Sandsfoot Clay yields
the Kimeridge oyster {Ostrea deltoidea) in abundance, and was
indeed included with the Kimeridge day by Sedgwick. It is,
however, more consistent with the stratigraphy to include the
overlying Red Grits with the Oorallian, on the same principle as
we include tlie Nothe Grits in that series ; the one having
Kimeridgian and the other Oxfordian affinities.
The Sandsfoot Grits form the somewhat striking though low cliffs
at Sandsfoot Castle. (See Fig. 51, page 89.) They are divided
by a band of blue sandy clay about 6 feet thick, that yields O.
deltoidea, and might in places be confused with the thicker band
of Sandsfoot Clay below. As remarked by Messrs. Blake and
Hudleston, these beds " are so coloured by iron in various combi-
nations and states of oxidation, as to seem much richer in that
metal than they really are."
Curious fucoidal markings or branching stem-like forms
traverse both bands of the Sandsfoot Grils. Referring to these,
Messrs. Blake and Hudleston speak of " the strange interlacing
fucoid or sponge-growths," which " weathering out in a purplisii
tint upon a greenish ground, give a very curious aspect to the
surface ; " and they conclude that here we have " the actual
spot on which colonies of fucoids and sponges luxuriated."* So
far as I am aware, no organic structure is to be detected in
these fucoidal and branching structures. They are found here
and there in many formations ; in the Cornbrash, in the Purbeck
Beds (see p. 233), and in the Red and White Chalk of Hun-
stanton. The origin of the so-called Spongia paradoxica of
Hunstanton, has been discussed by Prof. Hughes, who considered
that the structure was due to concretionary action. f It presents
appearances similar to those of the fucoidal markings in the
Sandsfoot Grits, but these must still remain enigmas, for the
absence of definite organic structure in such markings is not
considered to be proof ot inorganic origin.
The Sandsfoot Grits overlie the Sandsfoot Clay on the
solithern side of Bencliif, and they are slightly faulted at the
gap in Castle Cove and again to the south of the Castle. As
we proceed to Small Mouth the beds are overlaid by the Kimeridge
Clay, which contains fossiliferous ironstone-nodules near the base ;
but the state of the cliffs at the time of my visit obscured
all evidence of the Fossil-bed ("Kimeridge Grit") that at
Osmington marks the top of the Corallian Beds.
Mr. E. T. Newton obtained remains of a Crocodilian jaw from
the Sandsfoot Grits, west of Sandsfoot Castle. It was found in
a block together with Goniomya literata and Pinna lanceolata.X
The general section of these beds from near Small Mouth
northwards, may be stated as follows :
—
* Quart. Jouin. (ieol. Soe^, vol. xxxiii. p. 271.
t Ibid., vol. x). p. 273.
X Ibid., vol. xxxiv., p. 400.
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Sandsfoot Grits
(See Pig. 61.)
Kimeridge Clay.
'Red and brown ferruginous sands and
sandstones, shelly- in places, with
layers of Ostrea deltoidea, and fucoidal
markings - - - 8 to
Blue sandy clay, with hard band near
base ; layers of 0. deltoidea -
Eed and brown ferruginous and fucoidal
sandstones (slightly calcareous), and
greenish clayey sand; with much
concretionary iron-ore, and occa-
sional decomposed oolitic grains
;
beds tinged a purple colour towards
the base : they thicken towards the
north : Belemnites, Fecten, Ostrea del-
toidea, Serpula intestinalis, and
Plant-remains ...
'"Blue, sandy, and calcareous clay, large
specimens of 0. deltoidea abundant
:
Astarte, Serp. intestinalis. Near the
Sandsloot Clay .-^ base there are one or two layers of
fissile calcareous sandstone with
Belemnites, Bxogyra nana, and small
cement-stone nodules...
'Trigonia-\>BA : bluish-grey sandy lime-
stone with Trigonia clavellata, Ger-
villia aviouloides, Nerincea, Exogyra,
&c. - -
Irregular bands of shelly and sandy
limestone, with partings of shaly and
sandy marl: Ammonites, Natiea coral-
Una, Ghem/nitzia, Exogyra nana, Mya-
cites decv/rtatus, Mytilus pectinatws,
Pecten fibrosus, Pholadomya cequalis.
Lignite, &o. - -
TLimestones and shales with Nerincea-
[_ bed at base
Ft. In.
11
38
Trigonia Beds -<
Osmington
Oolite.
10 6
The Osmington Oolite consists here of bands of more or less
shelly oolite, alternating with softer rubbly beds and oolitic marls
and clays. The total thickness appears to be 45 feet, a diminu-
tion from the thickness assigned to the beds at Osmington, due in
part to the grouping of more beds with the Bencliff Grits. This,
however, is merely a matter of convenience. Messrs. Blake and
JHndleston include only 21 feet as Bencliff Grits at Bencliff.
Moreover they include with the Trigonia Beds the Nerincea-hed
and associated layers, which seem to me more nppropriately
linked with the Osmington Oolite. A good section of the Trigonia
Beds, Osmington Oolite, and Bencliff Grits, was noted by them
in the railway-cutting at Bodwell.*
Passing from the Royal Victoria Inn along the margin of the
Fleet, the succession of the beds from the Kimeridge Clay down
to the Oxford Clay may be traced, btit the strata are not suffi-
ciently exposed to admit of detailed measurements, for there is
much slipped ground in places.
The Sandsfoot Grits with Lima pectiniformis, were exposed in
the low cliffs south-west of Rymead Cottages, and beneath them
the blue Sandsfoot Clay with masses of Ostrea deltoidea, was
* Quart. Journ. Geol. Soc, vol. xxxiii. p. 267.
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exposed. The Trigonia Beds were shown south-west of Wyke,
by the bay, and in the cliffs between two lanes leading from
Wyke to the Fleet. Westwards we have a good section of the
Osmington Oolite, rubbly and shelly oolites, and earthy limestone,
occasionally pisolitic, and with marls and, here and there, sandy
shales. Chemnitzia, Nerinoia, Natica corallina, Littorina muri-
cata, Liicina, Modiola hipartita, Pecten Jibrosus, Gidaris, and
Echinohrissus scutatus were here obtained.
The Bencliff Grits, with doggers and ironstone-concretions,
were seen east and west of the main road from Rodwell to Wyke
and the Fleet. They were underlaid by clay with nodules, the
Nothe Clay ; and below by shelly nodular and fucoidal calcareous
grits, the Nothe Grits. These yielded Belemnites, GrypfuBa
dilatata, &c.
Traced westwards from Osmington, on the northern side of the
Weymouth anticline, we find here and there evidence of the
divisions shown so well at Osmington, but some of them are much
reduced in thickness. In the cutting of the Abbotsbury railway
near Broadway, the Sandsfoot Grits and Clay were seen over-
lying the Trigonia Beds. The latter exposed to a depth of
9 feet consisted of sandy, shelly, and partially oolitic limestones,
with pockets of brown clay washed into fissures from the overly-
ing beds. They yielded Ammonites cordatus, Cerithium, Boicr-
quetia, Pleurotom,aria, Astarte, CucuIlcBa, and Ostrea. Damon
records Ceromyn excentrica from this locality. Messrs. Blake and
Hudleaton note that the Nothe Grits at Broadway appear to be
represented by a band of ferruginous sandstone about 2 feet
thick, and this is still further reduced south of Abbotsbury.*
Higher beds of Corallian Rocks are well shown at Linton Hill,
south-east of Abbotsbury. The Osmington Oolites are quarried
on the south-west side of the hill, where they are seen to com-
prise 18 feet of brown oolite with shelly layers. Following the
scarp to the north we find still higher beds of shelly and coarse-
grained oolite, with rubbly and marly beds. They yield Ammo-
nites, Pleurotomaria, Ostrea solitaria, Pecten lens. Pinna ampla
(abundant), and Echinohrissus scutatus (abundant). Above come
the shelly iron-stained and partially oolitic limestones of the
Trigonia Beds, yielding Natica, Cylindrites, Isocardia, Myacites
decurtatus, and large Pinna. Messrs. Blake and Hudleston note
also Ammonites plicatilis, Ceromya orbicularis {inflata), Anatina,
Goniomya v.-scripta, Mytilus jurensis, Pygaster umbrella, and
Acrosalenia decorata.f
Still further on we cross a hollow suggestive of the Sandsfoot
Clay, and come to a scarp of red rocks consisting of very ferrucri-
nous sands and sandstone, with iron-shot grains in the upper
beds. A thickness of about 15 feet is seen, and the beds
evidently represent the Sandsfoot Grits.J
We have no clear sections of the Lower Corallian beds in the
hills on the south and south-west of Abbotsbury. Oolites outcrop
* Quart. Journ. Geol. Soc, vol. xxxiii, p. 264,
t Ibid., p. 269.
% See also Blake and Hudleston, Quart, Journ, Geol, See, vol, xxxiii. p, 868.
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on the south of St. Catherine's Chapel, The lowest bed seen in
the hill west of Abbotsbury was a ferruginous grit, and above
there could be traced a series of ooUtic beds, grey and occasionally
iron-stained, together with bands of flaggy calcareous sandstone
and clay. The higher portions of this hill are formed of the iron-
stone, and the same beds appear to the north of St. Catherine's
Chapel, dipping towards the village of Abbotsbury.
The occurrence of iron-ore at Abbotsbury attracted the notice
of Sedgwick,* and it has been referred to by Buckland and De la
Bechet and subsequent geologists. (See p. 74.) It occurs in
the upper part of the Corallian Beds bordering the Kimeridge
day. West of West Elworth Farm the ploughed fields present
a very red appearance, and the scarps of Corallian rocks on the
west side of Linton Hill are very much iron-stained. (See p. 306.)
The oolitic iron-ore is exposed in most of the lane-cuttings
north and west of Abbotsbury village, on the high grounds above
the Earl of llchester's mansion, and on the northern slope of the
hill on which St. Catherine's Chapel stands. The western part
of the village is built on the iron-ore. The best sections to be
aeen are in the red lanes north of the village. Here the rocks dip
towards the village, which evidently lies in a syncline of the beds,
as they rise again to the south. (See Fig. 52.)
The red lanes are excavated in loose red and brown oolitic iron-
ore, with some sand and sandstone and irregular vertical and other
bands of ironstone, and flaggy oolitic ironstone on top. A thick-
ness of at least 20 feet is shown. J
The more prevalent fossils include Ammonites, Cardium,
Myadtes, Trigonia, Chemnitzia, Waldheimia, Rhynchonella, and
Serpula. Ostrea deltoidea and lignite also occur.
North of Abbotsbury the Oolites are much faulted, and the
outcrops of many of the divisions are concealed by the overlapping
of the Cretaceous Rocks. Corallian Beds reappear from beneath
this covering of newer strata, in the Vale of Bride (or Bredy), at
Long Bredy, and south of Litton Cheney. Near the last-named
village, oolite was shown in the road-cutting, but the stone is
not worked in the neighbourhood.
So faulted are the Oolites generally in this neighbourhood that
it is impossible to indicate with any certainty their course beneath
the Dorsetshire Downs from Long Bredy to Cerne Abbas. The
outcrop at Abbotsbury has been shifted northwards to Long
Bredy, and it is modified underground not only by east and west
faults, but probably also by north and south faults, that date prior
to the Cretaceous overlap. The main underground course of the
Corallian Beds may be from below Dorchester to Cerne Abbas.
The following list of fossils from the Corallian Beds of "Weyiaoath is
based mainly on the work of Messrs. Blake and Hudleston, the species
collected by myself being added. The vertebrate remains are not included,
as their particnlar horizons are not as a rule noted, and it will be sufficient
to refer to the general list in the Appendix for records of Fishes and
Saurians.
* Ann. Phil., vol. xxvii. p. 350.
t Trans. Geol. Soe., ser. 2, vol. iv. p. 27.
X A further account of the iron-ore is given in the Chapter on Economic Pro-
ducts, p. 323.
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List of Fossils from the Corallian Rooks, near
Weymouth.
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Nerinsoa Desvoidyi
Groodhalli
sp.
Pleurotomaria Munsteri
reticulata
Pseudomelania Delia
pseudolimbata
. See also Chemnitzia.
Tui'bo exiguus
Tmritella jurassica
Dertalium oinctum
Anatina
Anomia radiata
Area semnla
sublata
sp.
Aroomya
Astarte extensa
ovata
—
-
polymorpha
supracorallina
Avicula sedilignensis
ovalis -
pteropernoidea
Struckmanni
Cardium cyreniforme
delibatum
Ceromya exoentrica
orbicularis -
Corbula Deshayesea
CucuUsea contracta
corallina
—
- superba
Cypricardia glabra
Cyprina tancredifcirmis -
Exogyra nana
spiralis
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Unicardium sp. -
Discina humphriesiana •
Lingula ovalis
Bhynchonella corallina
= inconstans -
Ter&bratula insignis
suljsella
Waldheimia dorsetensis •
lampas
Glyphea ferruginea
Serpula gordialis -
intestinalis
Royeri
sulcata
teti-agona
tricarinata
\aTiabilis
Millerierinus eehinatus -
Acrosalenia decorata
Cidaris florigemma
Smithi
Echinobrissus scutatus
Hemicidaris intermedia
Fseudodiadema versipora
Pygaster umbrella
Comoseris imLdians
Protoserig Waltoni
Thamnastrsea arachnoides
concinna
Thecoamilia annularis
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Vale of Blachmore.
On crossing the Dorsetshire Downs to the north of Cerne
Abbas we enter the Vale of Blackmore, and there the Corallian
Beds re-appear from beneath the thick mantle of Cretaceous
liocks. They are seen north-cast of Hil field and at Glanvilles
Wooton, over a tract of grassy country with small enclosures and
well-timbered hedgerows. Proceeding towards Sturminster New-
ton, the summit of the low escarpment forms an undulating tract
of cultivated land, and near Haselbury Bryant we find quarries,
where the stone is burnt for lime and employed for building and
road-mending. There are quarries north-east of the church, near
Shorts Barn, and south-east of Zoar, and we find blue shelly and
oolitic limestones and marls, with occasional sandy layers. The
beds are pisolitic in places, and they belong to the upper portion
of the limestone-'series, so well shown in the railway-cutting at
Sturminster Newton (p. 101). Thus all the strata observed, may
be grouped with the Trigonia Beds and the Osmington Oolite. I
obtained the following fossils at Haselbury Bryant :
—
Belemnites abbreviatus.
Natica corallina.
Bourguetia (Phasiauella).
Pleurotomaria.
Astarte.
Myacites.
Ostrea gregaria.
Pecten fibrosus.
Trigonia clavellata.
Echinobrissus scutatus.
Glyphea.
Gasteropods are fairly abundant and fragments of lignite are not
uncommon. Other species from this locality and Mappowder,
are recorded by Messrs. Blake and Hudleston : from the latter
place they note Rhynchonella Thurmanni, a fossil unknown
elsewhere at so high an horizon.* (See Fig. 53.)
Fig. 53.
Rhyncbonella varians, var. Thurmanni, Voltz, f
.
The best section of the Oorallian Beds in the neighbourhood is
that shown in the railway-cutting at Sturminster Newton. The
section was 'described by Messrs. Blake and Hudleston, and the
strata which I noted were as follows :
—
Ft. In.
r 6. Brown ochreous sandy loams and
Sandsfoot Beds - < clays . - . . [14 o]
L 5. Bluish-grey clay ; Ostrea - - [8 6]
* Quart, Jourii. Geol. Soc, vol. xxxiii. p. 281.
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Ft. In.
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n
Trigonia
Beds, and
Osmington
Oolite.
>[4
3. <
6]
Brown sandy lime
stone [8 feet]
Marls
Brown shelly iron- I
shot limestones.
. J
Soft grey oolitic marl 3
or 4
4. •( Grey and brown
sparry oolitic lime-
stone false-bedded:
Pseudodiadeina,
Serpula, Bhyn-
chonella, Uxogyra
nana, Fleuroto-
ma/ria - 1 6 to 2
Brown rubbly and
shelly limestones
and oolite, with
ochreous galls
:
Ostrea gregaria
(abundant),J.s!!ar<e,
OJiemnitzia hed-
dingtonensis, Na-
tica, Bowrguetia,
Cidarisflorigemma
(spines) - 3 to 3 6
Pale rubbly and
shelly oolite and
marl, with streaks
ofgrey marly clay
:
pisolitio in places.
Spines jof Gidaris
florigemma abun-
dant - - 3 Oto 3 6
Pale marly false-bed-
ded or wedge-bedded
limestone, slightly
oolitic : small Lima - 18
Grey oolitic marly
and rubbly stone
and clay : Eehmo-
hrissviS scutatus
abundant - 10 . or 12
Pisolitic beds (seen
also in road-cut-
ting south of Stur-
minster Newton,
where they appear
to be over 2 ft.
thick) - - [1 0]
[Coarse-grained oolitic
marl - - - [3 0]
The numbers refer to the section, Fig. 54.
The thicknesses in square brackets are given
on the authority of Messrs. Blake and Hudle-
ston.*
* Quart. Journ. Geol. Soc, vol. xxxiii. p. 276.
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The limestone-beds of Sturminster Newton have yielded the
following fossils :
—
X Ammonites plioatilis.
X Aotseonina.
Alaria P Deshayesea.
Bourguetia Bnvignieri.
Ceritella.
Cerithium inornatum.
X limaeforme.
muricatum.
X Ohemnitzia (Pseudomelania)
lieddmgtoiiensis.
Delphinula fnniculata.
X Littorina muricata.
xNatica corallina.
dejanira.
Nerinsea.
xPleurotomaria Agassizi.
reticulata.
X Area.
Astarte aliena
polymorplia.
Cypricardia glabra.
X Bxogyra nana.
X Lima elliptica.
Lncina.
Modiola.
Myacitea securiformis.
xOpis corallina.
Ostrea ^egaria.
X solitaria.
Pecten strictiis.
X subtextularis.
Pema mytiloides.
X Pholadomya Kqualis.
Quenatedtia laevigata.
Sowerbya triangularis.
Trigonia clavellata.
xTJnicardium.
X Ebynchonella.
X Serpula.
Acrosalenia decorata.
X spinosa.
X Oidaris ilorigemma.
X Bchinobrissus scutatus.
Henxioidaris intermedia.
Pseudodiadema radiatum.
X versipora.
aubantiquata.
The species marked X were collected by Mr. J. Ebodes and myself
;
but many of them had been previously recorded by Messrs. Blake and
Hudleaton, on whose authority the remaining species are given.
The uppermost beds of the Corallian Series were shown in a
lane-cutting near Hole leading to Banbury Common, near
Sturminster Newton. There the following sequence could be
traced :
—
Kimeridge Clay
fClay.
Dpper
Corallian. <
Sandy layer.
) Clay with selenite : Ostrea deltoidea -
(_ Nodular bed.
fFerruginous beds like tlie )
I
oolitic iron-ore of Abbots-
Sanda- | bury and Westbury, with ',
foot J band of blue-hearted sandy f
f, limestone : Ostrea deltoidea, I
Pecten Jibrosus, Belemnites
-J
i'
Ochreous clays ; Belemnites
[_ abhreviatus, &o.
Oolitic Beds, &c.
Ft. In.
10 or 15 feet.
Beds,
&c.
Messrs. Blake and Hudleston have referred to these " ferru-
ginous fossiliferous sands and concretions," and record from them
the following fossils :—
*
Ammonites plicatilis r*
Belemnites nitidus.
Avicula sedilignensis.
Pecten midaa.
Pinna peaolina.
Pleuromya tellina.
Serpula runcinata.
It seemed to me that the ferruginous beds would be vvortli
opening up more clearly, so that their economic value might be
tested. The general section in this area compares well with that
* Quart. Journ. Geol. Soc, vol. xxxiii p. 9.77.
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at Abbotsbury, and it is of special interest to fiad the ironstone
represented, for we again meet with it at Westbury in Wiltshire.
The Pisolitic Beds v/ere well shown in a bank by the road-side
near tlie Castle south of Sturminster Newton. There they consist
of small bean-shaped concretions in a marly matrix. (See p. 73.)
The occurrence of this pisolitic band was marked by H. W.
Bristow on the Geological Survey Map to the west of Haselbury
Bryant and again near Todbere. Further north, as noted by
Messrs. Blake and Hudleston, it " spreads out on the surface at
Stower Provost, the village square being entirely upon it,"* and
I have seen the bed between East and West Stower.
We have no sections as yet showing the junction with the
Oxford Clay, this main pisolitic bed being the lowest bed visible.
Of the Nothe Grits or their equivalents we see nothing, and it
is possible that this division is here represented chiefly by clays
that have been included with the upper part of the Oxford Clay.
A small inlier of Corallian Kocks was at one time thought to
occur to the west of Fontuiell Magna, south of Shaftesbury ; but
the beds have been recognized by Mr. Jukes-Browne as Lower
Greensand.
In the neighbourhood of MarnhuU and Todbere the Corallian
limestones develop into a good freestone which is largely quarried
for building-purposes and lime-burning.
East of MarnhuU Church there are quarries showing about 15
feet of buff marly oolite, that is well-bedded in layers from 1 ft.'
to 18 ins. thick, with marly partings. The stone is shelly in
places, and when quarried it hardens and turns white on exposure.
The rubbly oolite on top is used for road-metal.
A well sunk to a depth of 30 feet -at the Brewery, noith of
Walton Elm, did not yield sufficient water for the wants. At East
Stower (centre of village) water is obtained at a depth of 35 feet.
At Todbere we have fine sections, which show a remarkably
,
false-bedded set of beds below the more regular strata of oolite
just mentioned, similar to features seen in the railway-cutting near
Sturminster Newton, and again in a quarry near Steeple Ashton.
There is a large quarry east of the high road at Todbere, and
this showed the following section :
—
Ft. In.
. Enbbly oolite, shelly in places - 6
Marly layer, a few inches, passing
into oolite.
, Buflf flaggy oolitic limestone, shelly
/~i 11- ^ Ti J in places : sood building-stone - 5Oorallme Oolite<( Hard blue shelly oolitic limestone
:
weathering brown - - 2 6
Eotten oolite and marl - - 6
,
False-bedded oolites, yielding good
building-stone - - 7 to 9
A good section of the beds has been given by Messrs. Blake and
Hudleston.t This shows the even layers resting on the obliquely bedded
* Quart. Journ. Geol, Soc, vol. xxxiii. p, 279.
t Tbid., vol. xxsiil. p. 280.
2 S2428. H
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freestonel, and when the former have been quarried away the
Icwerbeds
might be taken to have a dip of 8° to 10° in an easterly
direction. The
full thickness of this lower freestone appears to be 14,
leet.
Fig. 55.
Section of Corallian Beds at Todbere, Dorset.
W.
-^ T. 1.-
^
i; K -* ^ ' ! - ' » ' . I... - ' E -^ r-^
Ft.
3 Soil and bro-wn rubhly limestone and marl
-
-
- 2- to 6
2. Oolitic limestones, sheUy in places "„ , o',, ^ " I
I. False-bedded oolite (the layers inclmed 8 or 10 E.J
The remarkable false-bedded oolite, overlaid by even layers,
suc^eests, as Messrs. Blake and Hudleston remark, "that
some
time elapsed between the deposition of the two." Similar
features
are not uncommon in the Great Oolite and Forest Marble;*
and
they may be attributed to changes in currents, accompanied
m
some cases by contemporaneous erosion. , tt ji ^
From the oolites of this locality Messrs. Blake and Hudleston
record the foUovring species, which are to be found only
in
occasional bands :
—
Ammonites plicatilis, 2. Pleuromya tellina, 1.
Ohemnitzia heddingtonensis, 1, 2. Tngonia clayellata, 1.
Natica 2 Menam, i.
Nerinsa fasoiata, 1. Cidaris flprigemma, 2
Exogyra nana, 1. Echmobrissus scutatus, 1,
2.
Ostrea solitaria, 2.
The numbers refer to 1, false-bedded freestone, and 2, the overlying
oolites.
The stone beds are again quarried to the west of East Stower.
Lower Calcareous Grit was not traced south of Sturmmster
ISfewton by H. W. Bristow, and there is but feeble evidence of it
even in this part of Dorsetshire. Proceeding northwards
the
first good indications of the beds are in the railway- cuttings
on
either" side of the Kingsmead tunnel, between Gillingham and
Templecombe, on the London and South-Western Kailway. The
cuttings, at the time of my visit, were too obscure to aflford any
-detailed measurements, but on the eastern side of the tunnel,
beneath rnbbly beds of oolite and some thickness of clay, oolitic
marh and blue flaggy limestone, grey calcareous sandstone and
sands were shown. On the western side of the tunnel, fissile
calcareous grits with Gryphaia dilatata and Pecten were to be seen
* See Memoir on the Lower Oolitic Bocks of England, pp. 306, 370.
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resting on the Oxford Clay. Messrs. Blake and Hudleston have
given a detailed account of the beds, and they notice the presence
of immense spheroidal doggers of calcareous grit. Probably if
we assign a thickness of 22 feet to these beds of Lower Calcareous
Orit, we shall not be far wrong, for I believe there is some
repetition of the beds in the cutting.
The overlying Pisolitic beds, comprising about 12 feet of coarse
grained oolite, pisolite, and rnarl, were noticed at Gucklington by
Messrs. Blake and Hudleston.* The beds yielded Ammonites
plicatilis. Turbo, Lima rigida, PecfenJibrosus, Myacites decurtatus,
JEchinobrissus scutatus, Corals and a Sponge.
Higher beds are seen in quarries by Langham Farm, and
to the south-east of Langhanj, west of Gillingham. Here
we find beds of shelly and oolitic limestone (blue-hearted)^--
irregular rubbly limestones, with bands of sandy and oalitio
marl and clay, exposed to a depth of about H feet. The fossils
include Ammonites, Chemnitzia heddingtonensis, Natica corallina,
Pleurotomaria, Exogyra, Myacites, Ostrea, Pholadomya, Trigonia,
and Echinobrissiis scutatus..
Messrs. Blake and Hudleston note the following fossils from
gritty limestone, marl, and grit, that were exposed at Langham :
—
Am. cordatus, Belemnites abbreviatus, Natica clio, Bourguetia
(Phasianella) striata, Gervillia aviculoides, Modiola, and Perna
quadrata. They include the beds with the Upper Corallian,
remarking, however, that the Cephalopoda elsewhere belong
generally to the lower beds.
Near Preston, north-east of Gillingham, they notice beds of
sandy and flaggy oolite, about 12 feet thick, and with remains of
Alga?. These beds yield fossils found also at Langham, and they
are overlaid by sandy and oolitic shell-beds, which yield species
of Stylina and Thamnastraa, From these uppermost beds Messrs.
Blake and Hudleston record also the following species :
—
f
Ammonites plicatilis.
Actaeonina miliola.
Ceritliium. muricatum.
Pellati.
Natica clio.
Neridomus (Nerita) minuta.
Astarte polymorpha.
OucullBBa corallina.
GastrochEena carinata.
Pecten lens.
qaalicosta.
Tancredia planata.
Trigonia (clavellate).
The Lower Corallian Beds were exposed in a pit north of
Higher Hatherly, south-west of Wincanton, where the section
was as follows :
—
Ft.
rSands with concretionary masses of~
I
stone ....
Lower Corallian <^ Sandy clay: Ostrea fldbdloides, Myacites ^16 to 20
I
recurmis, Gryphcea dilatata, Modiola
J
|_ hipartita, Ammonites cordatus - J
Oxford Clay - Bluish clay' with Qryphcsa dilatata.
* Quart. Journ. Geol. Soc'., vol. xxxiii. pp. 278, 279.
t Ibid., vol. xxxiii. pp. 282, 283.
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Comparing the Corallian Beds of North and South Dorset, we
may roughly correlate them as follows (see Fig. 56) :
—
South Dorset. North Dorset.
Ft.
Abbotsbury Iron-ore. Ferruginons Beds near Stur-
minster Newton - - 15
Sandsfoot Beds. Clays, &c. - - - 22
Trigonia Beds. Sandy, shelly, and oolitic")
limestones - '
S-HROsmington Oolite. Marnhiill and Todbere free-
(
stone, and pisolitic beds
-J
BenoliffGrit. r Clays and sands with dog-
Nothe Beds. \ gers (observed locally) - 25
In South Dorset the full thickness was found to be about
200 feet; in North Dorset it does not exceed 120 feet; of which
25 feet may be assigned to the Lower Corallian, and 95 feet to
the Upper Corallian:
Longleat.
North of the great fault marked on the Geological Survey
Map between Wincanton and Mere, we journey some distance
before meeting with the Corallian Rocks. Here the Kimeridge
Clay is represented to rest directly on the Oxford Clay, but the
evidence is by no means satisfactory. Over portions of this area
Mr. W. T. Aveline stated that it was not altogether clear whether
the nevver clay may not be Gault ;* and I found the slopes
bordering the escarpment of the Upper Greensand near Stourton,
BO obscured by talus that no evidence was to be obtained. Mr.
Jukes-Browne, however, informed me (1889) that he found
Upper Corallian Beds, in the form of shelly and partially oolitic
limestones, in Longleat Park, and that the clay above it is
undoubtedly Gault. The Lower Corallian Beds are not clearly
exposed, while if any representative of the Weatbury iron-ore be
present, it is overlapped by the Gault.
Westbury,
Most important sections of the Corallian Rocks are to be seen
at the Ironworks near the railway-station at Westbury in Wilt-
shire. There the Upper Corallian Beds yield a valuable iron-ore
to which attention was directed in 1856 by Mr. G. C. Greenwell.f
The worMngs extend from a little north-west of Penleigh to
Westbury Field, a distance of rather more than one mile, and the
ironstone is exposed in the tract north of Westbury Station,
further eastwards than is shown on the Geological Survey Map.
How far to the south the beds may occur in workable quantities
can only be proved by trial-borings. Northwards the outcrop of
the beds is shifted by a fault, but Mr. Greenwell states that the
* See Geol. E. Somerset, &c., p. 137.
t Proc. S. Wales Inst. Civ. Bng., 1859, vol. i. pp. 311, &c.
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Ft. In.
ironstone was " found to extend to Steeple Ashton and the
neighbourhood. It is apparently of similar quality to that found
at Westbury, but is, so far aa T have seen, much thinner and
somewhat uncertain in position."
The Ironstone dips 4° to 10° in a south-easterly direction
beneath the Kimeridge Clay, but as observed by Mr. Greenwell
" A short distance west of the outcrop of the upper limestone beds,
the strata assume a rapid westward dip, by wliioh the ironstone
is again thrown in ; but about 20 or 30 yards further west, a pit
was sunk 20 feet in Oxford Clay, showing the existence of a large
upcast fault to the west, in fact the same fault shown on the
Ordnance Geological Map. The throw of this fault cannot be
less than 100 feet."
Messrs. Blake and Hudleston state that " A well sunk about
halfway between the town and the railway station, after passing
through about 50 feet of the Kimeridge Olay, showed tiiat the
ore had diminished to a thickness of 2 feet."*
The following series may be clearly traced out in the several
workings :
—
'Brown loamy clay and grey olay, with
bits of otalk and flint, and fragments
of Ostrea deltoide^ in places, resting
irregularly on bed beneath -
•( Brown sand and fine gravel with flint
and limestone pebbles - 3 to
Brown and yellow clay with " race "
oolitic ironstone and oobreous debris
about
TDark blue and blnisb-green clay with.
I Ostrea deltoidea . . .
'^Hard greenish-coloured oblitic iron-
stone with 0. deltoidea, Myacites-,
Pecten and Ammonites
Irregular masses of oolitic iron-ore with
hard slightly calcareous bands, in-
termingled with dark greenish and
slate-coloured clay and black earthy
powder: iron-pyrites, lignite, and
occasional veins of calc-spar : Ostrea
deltoidea, Belemnites, &c. - 7 to
Light greenish-grey buff and brown
sands with seams of laminated clay.
Upper Oorallian ^ casts oi Myacites, &c. ; Ostrea gregaria
at base - 4 to
Eubbly beds of blue and buff marly
oolite and pisolite, passing into marly
stone with layers of oolitic marl and
clay. The bottom beds false-bedded
in places : Ammonites, Ohemnitzia,
Cidaris florigemma (spines), Natica,
corals, and other fossils - 10 to
Fine false-bedded oolite, buff at top
and blue towards base, with tubiform
markings at various horizons ; Echino-
irissus scutatus - - 8 to
Soil and Super-
ficial Deposits
(local).
Kimeridge Olay 4
9
10
12
10
* Quart. Journ. Geol. Soc, vol. xxxiii. p. 284.
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Fig. 57.
Section at the Iron-works, Westbury, Wiltshire,
Soil and Superficial
Deposits (local).
• Kimericlge CSay.
Brown and grey loamy clay.
Brown sand and fine gravel, with pebbles
of flint and limestone.
Dark blue and greenish blue clay with
Ostrea deltoidea at base, and ochreous
debris on top.
Oolitic brown and greenish ironstone.
Grey and bufi sand with seams of lami-
nated clay.
Eubbly bedsof mai'Iy oolite and pisolite, S Upper Corallian.
and marl.
False-bedded oolite with tubiform mark,
ings.
The details of the superficial covering vary from place to place.
In one spot the blue clay overlying the Ironstone contains ferru-
ginous layers. Where this capping of clay is absent and the
Ironstone comes to the surface or is merely covered by sand and
gravel, the ore is reddish-brown and rusty and much disinte-
grated. On the whole it is well-bedded, presenting either a
reddish-brown aspect resembling the Abbotsbury iron-oi'e, or a
dark grey or greenish appearance with dark clayey galls, and
with rusty joints. Its maximum thickness is noted as 14 feet by
Messrs. Blake and Hudleston. The layers of shelly stone witk
Ostrea deltoidea are thrown aside as useless.
The calc-spar that fills oblique veins in the Ironstone probably
marks slight disturbances, and the material may have been
derived from the calcareous matter in the overlying sands and
limestone-gravel.
Of the fossils we miss the Brachiopoda, so abundant at Abbots-
bury, but large Ammonites are not uncommon. In the Devizes
Museum there are specimens over 1 foot in diameter. The
following is a list of the fossils obtained from the Ironstone :
—
X Ammonites Berryeri.
X decipiens.
plioatilis.
X pseudooordatus.
, BelemniteB;
Bonrgnetia (Phasianella) striata'.
X Cardium delihatum.
Lima Iseviuscula.
pectiniformis.
Myacites recumis.
•
' seoiiriforrais.P
X Ostrea deltoidea.
no MIDDLE OOLITIC EOCKS OF EN6LA.ND :
X Pecten distriatus.
fibrosus.
X lens.
X midas.
X Perna qnadrata.
Pholadomya sequaliB.
X hemicardia.
Unicardium.
X Serpula.
Lignite.
Lucina.
Ostrea gregaria.
solitaria.
Pecten fibrosus.
qualicosta.
vagans.
Cidaris florigemma.
Echinobrissns scutatus.
Psendodiadema,
Corals.
The species marked X were recorded by Messrs. Blake and Hudleston* ;
the other species were collected by myself.
The Limestone-beds yielded the following fossils :
—
Ammonites plicatilis.
Bourguetia (Ph'asianella).
Berithium murioatum.
.
Chemnitzia (Pseudomelania)
heddingtonenais,
( ) gigantea.
Natica corallina.
Nerinsea.
Astarte ovata.
Exogyra nana.
Isocardia.
The pisolitio matter was in many instances accumulated around
univalres and bivalves.
The limestone is quarried for use as a flux in the furnaces ; formerly
the material was obtained from the Great Oolite of Bradford-on-Avon,
HO that when Messrs. Blake and Hudleston examined the area, there was
but a poor exposure of the upper portion of the limestones.
Fio. 58.
Section north of the Railway-station, Westbury, Wiltshire.
S.E. N.W.
„:^i-^.irr^
6. Kimeridge Clay.
5. Ironstone, with Ostrea deltcridea, &c.
4. Ferruginous loam and sand.
3. Oolite with streaks of clay and pisolite. The upperui ist portion, 1 ft., mainly
oolitic dftris almost an iron-ore, with spines of Cidaris, Exogyra, Ostrea
solitaria, &c.
2. False-bedded oolite (not exposed).
1. Oxford Clay.
The above section was seen north of the lane to Storridge Farm, in a deep
-trench that was exposed in 1886, and it confirms the account given by
Mr. Greenwell, as previously mentioned.
The Limestone-beds here rise in an anticline shown north-west
of Westbury Station. "Westwards the beds are faulted against
the Oxford Clay, so that we do not see any exhibition of the
Lower Calcareous Grit, but these beds were proved in a well
(as noted -by Mr. Greenwell), which was sunk at the Iron-
works :
—
* Quart. Journ. Geol. See, vol. xxxiii. p. 285 ; see also Proc. Geol. Assoc,
vol. xiii. p. 13S.
Ft.
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Lima elliptica.
Lucina circumcisa.
Modiola subsBquiplioata.
Opis Phillipsi.
Pecten flbrosus.
Pecten lens.
subtextorius.
Sowerbya triangularis.
Trigonia.
'
The limestone-beds are quarried at tfie lime-kilns south of
Steeple Ashton, where the stone burns to a strong lime, which
however is used for manure, as well as mortar. The quarry
showed about six feet of marly oolite and pisolite, resting on a
similar thickness of obliquely bedded oolite, which is used for
building-purposes, large blocks of it being raised. The section
presents the same general features as were sliown at Todbere. (See
Fig. 55, p- 104) Ghemnitzia was the only fossil I obtained here.
The upper and pisolitic beds were shown by the road north-west
of Keevil Church, atid again by the lane to the south-east of the
lime-kilns just mentioned near the brook, where the beds appear
to be faulted against the Kimeridge Clay on the south-east of
Steeple Ashton. A shallow pit here yielded Acrosalenia, Pseudo-
diadema, and Ostrea.
It is above this spot and between the lane just mentioned and
one further north (leading from Steeple Ashton in an easterly
direction towards Hurst Mill and the Devil's Dairy) that Corals
have been obtained in such abundance in the ploughed fields, as
to render the locality so noted.
Formerly the strata were more extensively worked in quarries
than they now are ; * and possibly the Coral-beds were opened
up. As it is, specimens can only be gathered in fair abundance
from the ploughed field near the junction of the two lanes, where,
as Messrs. Blake and Hudleston remark, " every stone is still a
coral, though the best have long since been removed." I obtained
a number of examples, including Comoseris irradians, IsnstrcRa
explanata, Stylina tubulifera, Thamnastraa arachnoides, T.
concinna, and Thecosmilia annularis. Many of these are much
iron-stained.
There can be no doubt that the Coral Eag occurs above the
mass of the limestones at Steeple Ashton. Of beds between the
Coral Rag and Kimeiidge Clay I saw no exposures near Steeple
Ashton, nor any evidence of the iron-ore noted by Mr. Greenwell
(p. 108). Messrs. Blake and Hudleston, however, mention that
•'the high ground round the village church is highly charged
with red oxide of iron; and pits are said to have been dug here
for ore." t I should ratiier have expected the ironstone (if
present) to occur considerably to the east of Steeple Ashton, and
east of Keevil. It is however possible that the faulted junction
of Corallian Beds and Kimeridge Clay may be Continued further
to the north-west than shown on the' Geological Survey Map.
Messrs. Blake and Hudleston notice evidence of the Coral-bed to
the south-east of East Ashton. Lonsdale had referred certain
* Sedgwick, Aim. Phil., vol. xxvii. (ser. 2, vol. xi.) p. 349.
t Quart. Journ. Geol. See, vol. xzxiii. p. 286.
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beds in the district to the *' Upper Calcareous Grit," but from his
account of their exposure between West Ashton and Dunge, &ic.,
they evidently belong 'to the Lower Corallian Beds.
On the northern side of Seend the outcrop of Corallian Beds is
reduced to so narrow a limit that it seems most probable there is
a fault following the local strike. This line of disturbance pro-
bably extends from the ascertained fault of Trowbridge and
Semington, to the south of the Seend Iron-works and thence in an
E.N.E. direction to the north of Rowde, probably between Kowde
Farm and Eowdeford. On the south side of this presumed fault,
between Seend and Rowde, there is no evidence of Corallian
rocks, the ground by Seend Bridge being clay and probably
Kimeridge Clay. Just above the pit, in Lower Calcareous Grit,
near the Seend Iron-works, I noticed traces of pisolitic marls, &c.,
probably on the south side of the fault.
Between Rowde and Bromham the Corallian Be/Is are largely
concealed by the Lower Greensand, but we finji evidence of
Lower Calcareous Grit in a lane by Rowde WicB:> with Ammo-
nites perarmatus and Ostrea gregaria. Again soutfli of Bromham
there is a narrow scarp of ihe Lower Calcareous Gm, consisting
of sand and calcareous grit, passing down by alternations of sand
and clay into the Oxford Clay. !
On the south side of Sandridge Hill we find bft*^ and brown
sands with bands of calcareous sandstone dug to a1li^tfa''(§^^feet.
Higher beds were shown at the Westbrook limeworka (now
abandoned), and there Messrs. Blake and Hudleston noticed
"layer upon layer of large masses of Thamnastrcea concinna siaA.
Isastrcea explanata, bored • by the characteristic Lithodomus
inclusus" (See p. 72.) This band " spreads over the surface,
resting immediately upon a bed of sand, which is itself not far
removed in elevation from the Oxford Clay. The spaces between
the coral growths are filled with a rubbly brash, made up of
comminuted materials, and sometimes with clay charged with
fragments of shells. These intercoralline accumulations obtain
the mastery here and there ; corals disappear, and we have great
rubbly beds of shelly clay and limestone brash forming the whole
reef." From these beds they record the following fossils :—
*
Ostrea gregaria.f
Peoten lens.
subtextorius.
Cidaris Smithi.
Pseudodiadema versipora.
Littorina murioata.
Exogyra nana.
Gastroclisena recondita.
Lima densepnuQtata.
peotiniformis.
Opis Phillipsi.
The section is of considerable interest in showing the local
development of a coral bank in the lower part of the limestone
series. It shows the variable nature of the beds, and confirms the
view that the strata above the Lower Calcareous Grit may for
stratigraphical purposes be conveniently regarded as one group.
* Quart. Journ. Geol. Soe., vol. xxxiii. pp. 288, 289.
, . ,
'
t A cluster of these shells (O. gregaria) from Steeple Ashton is preserved' in the
Museum of Practical Geology. '
114: MIDDLE OOLITIC BOOKS OF ENGLAND :
To llie north of this area the Corallian Beds are partially
obscured by coverings of ferruginous sand and ironstone belonging
to the Lower Greensand.
Calne
The neighbourhood of Calne affords many fine sections of the
Corallian rocks.
The Lower Calcareous Grit, about 25 feet thick, has been
quarried for road-metal on Derry Hill,* and sections are now to
be seen near Conygre Farm, to the north-east of Calne. The beds
comprise sands and loamy clays with irregular bands of ferru-
ginous and calcareous sandstone, the latter somewhat cherty in
places.^Fossils are most abundant in the loamy beds, the more
common being Ammonites perarmatus, Chemnitzia, Pleurotomaria,
Avicula ovalis, Exogyra nana, Goniomya v.-scripta, Grypheea dila-
tata, Myacites, and Ostrea gregaria.
Higher beds are exposed near the Union workhouse, where the
Calne freestone is quarried beneath a capping of marl and rubble.
Here we find false-bedded coarse oolite and marl, shelly in places
and with occasional clay-seams, that have been opened up to a
depth of ntariy 20 feet,
Not manjj.^ssils were to be found at the time of my visit, but
subsecjijeAtly W^:^. Rhodes saw a deeper section in the quarry
and obtained many fine specimens of Hemicidaris intermedia for
which this locality is famous. It occurs at or near the base of
the freestone, where slabs containing a number of specimens with
spines can sometimes be procured, Other fossils include Echino-
hrissus scutatus, Pectenjibrosns, and Trigonia perlata.
Messrs. Blake and Hudleston have published a list, including
CidarisJlorigemma, and they point out that the freestones merge
upwards into beds of Coral Eag, with Thamnastrcea and Cidaris
jlorigemma, that may be traced near Quemerford beneath the
Kimeridge Clay.f
The freestones are separated from the Lower Calcareous Grit
by about 30 feet of strata. According to Messrs. Blake and
Hudleston a well sunk near the Union workhouse, passed through
20 feet of blue oolitic rock and 10 feet of light hard marl.
Mr. W. A. Baily, of Cirencester, informed me that many years
ago he obtained numerous specimens of the Hemicidaris intermedia
from openings east of Calne Church. In the quarries it seems that
examples are found in abundance at intervals, apparently in
groups, as is the case with Acrosalenia pustulata in the Great
Oolite of Cirencester,f
At Hillmarton bands of Coral-rock and clay have been exposed,
and Messrs. Blake and Hudleston have obtained from them many
fossils characteristic of the " Cidaris Jlorigemma Eag." At Goat
* See aiso record of section at Spirt hill (Spirit hill), north-east of Bremhill, by
Lonsdale, Trans. Geol. See, ser. 2, vol. iii. p. 264.
t Quart. Journ. Geol. Soc, vol. xxxiii. p. 290.
j See Memoir on the Lower Oolitic Rocks of England, p. 283.
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Acre to the north, false-bedded limestones quarried for building-
purposes are again developed. These are described by the same
authorities : the strata include layers of clay, and yield Bourguetia
{Phasianella) striata, Ghemitzia heddingtonensis, Oidaris Jlori-
gemma, &c. The beds are also quarried at Preston to the north-
east, where fine specimens oi Echinobrissus scutatus and other
fossils are met with.*
liubbly Ooral-rock is exposed by Hillocks Mill, north of
Lyneham. In this neighbourhood the beds form a fine escarpment.
To the eastwards beds of ferruginous sand have been mapped
as " Upper Calcareous Grit," and this is separated from the Coral
Eag by a parting of clay.f
To the south of Tookenham Wick we have an opportunity of
seeing the relations of the Coral-beds to the underlying sands of
the Lower Calcareous Grit, which appear to be much attenuated
near Clack, Wootton Bassett and Purton. There were two
quarries, the southern of which showed 9 feet of rubbly coral
limestones, in irregular beds with partings of marly clay. Towards
the base the beds become pisolitic and oolitic. I obtained the
following fossils :
—
Cerithiiiin mnricatum.
Littorina muricata.
Astarte.
Cardinm.
Exogyra nana.
GastroohBena ?
Lima duplicata.
rigida.
Lithodomus inclnsns.
Ostrea gregaria.
Fecten articnlatus.
Peoten lens.
Serpnla tricarinata.
Cidaris florigemraa (spines).
Hemicidaris intermedia.
Bchinobrissus scutatus.
Pseudodiadema versipora.
Isastrsea explanata.
Stylina.
ThamnaBtrssa Lyelli.
Thecosmilia- annularis.
Sponge.
The pit near Tockenham Wick, a little further north, showed
the following beds :
—
Upper Corallian.
Lower Calcareous
Grit.
Irregular masses of Coral-limestone
and grey slightly oolitic limestone,
with Oidaris florigemma (spines)
;
passing down into oolitic and pisolitic
marl (1 ft. or more). The fossils are
coated with calcareous matter, and
J include Natiea, Astarte, Ostrea, and
Eehvndbrissus ...
Oolitic marl with concretionary lumps
of oolite: Natiea.
Brown and grey sandy, oolitic, and
pisolitic marl, with race ; and at
case, a hand of ironstone-nodules with
oohreous kernels - - 1 6 to
^Ferruginous sand with lignite, and buff
false-bedded sand with comminuted
shells, ferruginous layers, ironstone-
nodules, and occasional clay-seams
Ft. In.
10
* Quart. Journ. Gaol. Soc, vol. xxxiii. p. 293.
t Aveline, in Geol. parts of Wilts and Gloucestershire, p. 22 j Lonsdale, Traus.
Geol. Soc, ser. 2, vol. iii. p. 262.
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Somewhat similar sections at Green's Oleeve and Catcombe, to
the south of Clack, are recorded by Messrs. Blake and Hudleston.*
Lower Calcareous Grit is shown to a thickness of 6 feet. I was
informed that near Clack, rock-i that are turned up by the plough
are known as Hitching stones, as the plough " hitches " against
them; such rocks are very suggestive of the irregular concre-
tionary masses in the Calcareous Grit. At Grittenham Hill the
thickness of the Lower Calcareous Grit is stated by Professor
Hull to be about 50 feet.f
Comparing the Corallian Beds of North Dorset with those of
Westbury and Calne in Wiltshire we may roughly correlate them
as follows (see Fig. 56, p. 107) :—
,, ,, Ti , Westlury andNorth Dorset.
g^^^^^ f .jj^_
Upper
Corallian.
"5. Ferruginous Beds. 5. Ironstone.
4. Clays, &c. 4. Sands and Clays.
3. Sandy, shelly, and 3. Bubbly oolite; coral-
oolitic limestones. beds, and pisolite
. Marnbull and Todbere 2. Calne freestone, &o.
freestone, and pisoli-
_
tic beds.
Lower f"!. Clays and sands with 1. Lower Calcareous
Corallian. 1 doggers. G-rit.
The general sequence compares well with that of the Weymouth
district. Bed 1. may represent the Nothe Beds and Benclifl Grits;
bed 2. the Osmington Oolite; bed 3. the Trigonia Beds; bed 4. the
Sandsfoot Beds ; and bed 5. the Abbotsbury iron-ore.
Wootton Bassett and Swindon.
In the neighbourhood of Wootton Bassett the Corallian Rocks
are faulted on the south against the Kimeridge Clay, and we have
no sections to show the complete sequence of the strata.
The Upper Division consists of a variable series of coral-
limestones, with bands of clay, together with oolitic and pisolitic
marls and limestones; it is about 30 feet thick. The Lower
Division is not well exposed, it comprises sands with clay-seams,
ironstone-nodules and occasional bands of calciferous shelly
sandstone. It appears' at most to be 10 feet thick, but in some
places it may be less, f or it has not been recognizable on the
ground, and the Geological Survey Map shows the Upper Division
resting on the Oxford Clay.
A well-boring at the Beaufort Brewery, north of the railway-
station at Wootton Bassett, proved a thickness of 30 feet of
Corallian Eocks (base not reached), beneath 84 feet of the
Kimeridge Clay. Water no doubt was obtained from the Lower
Calcareous Grit: the beds passed through being described as
coral-rock, and thin bands of rock and clay (mostly rock).
* Quart. Journ. Geol. Soc, vol. xxxiii. p. 294.
t Geol. parts of Wilts and Gloucestershire, p. 21.
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At Banner's Ash, north of Wootton Bassett, we find the rubbly
grey coral-limestones and clay beds ; and these are again well
exposed in quarries north-west of Pnrton Church.
The details vary a good deal, but the general section at Purton
is as follows :
—
Upper
Ooral'lian,
KO
Tt. In.
Bubbly-grey earthy coral-limestones
and clay beds, witb Lima peetini-
formis, Lithodomus inclusus, Ostrea,
Pecten, Trigonia, Cidaris florigemma,
&c. -
_
. . - -90
Marly pisolitio beds, indurated in'
places - - - . .
Thick irregular bands of shelly and
pisolitio limestone and coral-rook
alternating with softer pisolitio beds
Shelly oolitic limestones and earthy
and shelly limestones (used for
building-stone): Cidaris florigemma •__
The beds at Banner's Ash were regarded by Messrs. Blake and
Hudleston as " in the form of a true reef, with massive Tham-
nastrsean corals in full development, and with an abundant fauna,
including Nerita Guerrei" I obtained Cidaris florigemma, Thecos-
milia annularis, and Lima rigida. From the lower beds at Purton,
Messrs. Blake and Hudleston record Littorina muricata, Avicula
ovalis, Lima rigida, L. rudis, Ostrea, Pecten articulatus (vimineus),
Perna mytiloides, and Cidaris florigemma,*
A cutting on the Midland and South-Western Junction
Eailway east of Sparsholt Farm (where the Great Western
Kailway crosses) showed a good section of the Upper Oorallian
rocks. South of the bridge (see Fig. 59) the beds consist of grey
earthy limestone and clay, with layers of compact coral-rock,
with Thecosmilia annularis, Sponge-remains, Lithodomus inclusus,
and Gastrochcena recondita ?
The beds are no doubt faulted on the south against the
Kimeridge Clay.
North of the bridge we find at the base, beds of grey clay with
bands of rubbly irregular grey marly and septarian limestone,
containing Lima pectiniformis, Exogyra nana, and Cidaris
florigemma. Above there is a seam of black carbonaceous clay,
and, on top, clay with two layers of stone that coalesce towards the
north. Here again Cidaris is met with, The thickness near the
bridge is about 1 2 feet, but altogether about 20 feet of Corallian
beds are shown. The occurrence of black carbonaceous bands
near Faringdon was noted by Messrs. Blake and Hudleston as
indicative probably of the proximity of land.f
* Quart. Jourii. Geol. Soc, vol. xxxiii. p. 295 ; see also Hull, Geol. parts of Wilts
and Gloucestershire, p. 22 ; and Proe. Cotteswold Club, vol. vi. p. 293.
f Quart. Joum. Geol. Soc., vol. xxxi. p. 303.
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Fig. 59.
Section on the Midland and South- Western Junction Railway,
west of Rodbourn Cheney, near Swindon.
Great "Western
Railway Bridge. N.S.
Upper CoTallian Beds.
Further north, near Elbro bridge, the Lower Corallian Rocks
are shown (between two bridges) resting on grey and dark blue
clay ferruginous in places, with Gryphaa dilatata and Pecten
subtextorius. The beds here have a southerly dip, and, as shown
on the Geological Survey Map, they are again faulted on the south
against the Kiraeridge Clay.
A number of fossils were collected from Blunsdon by Profi
Buckman.* The upper beds comprise rubbly limestones with
many Corals and Echinoderms. Here, again, the Lower
Calcareous Grit was not well shown, and is apparently thin.t
In the deep well at Swindon, the beds from 72 to 112 feet,
having a thickness of 40 feet, have been assigned to Corallian
Eocks by Mr. E. T. Newton and myself. They were as
follows :— X
Upper
Corallian.
Lower
Corallian.
Compact grey marly and shelly lime-
stones, marl and clay - - -
Alternate beds of clay and gritty lime-
stone, shelly in places • "
Olay, &c. ....
Compact grey limestone, shelly and
oolitic in places, and calcareous grit
with clay seams , -
\ Sand, clay, and oolitic sandy marl
Ft. Ilr.
14 7
7
4
COEALI.IAN : SWINDON. 119
The fossils found in the Swindon bed are not sufBcient to
enable any palseontological comparison to be made ; but when we
compare the Swindon section with that at Highworth, about six
miles to the north-east, we might be disposed to put more than
we have included with the Corallian Eocks at Swindon. Never-
theless at " Eodbourn Lane," the lane leading from Swindon
towards Eodbourn Cheney, the record of a well-sinking has been
given as follows :
—
Ft.
Kimeridge Clay - - - - 68
Corallian Beds - - - - 27
Oxford Clay - - - - - 36
131
The Corallian Beds north of Swindon comprise on the whole a
very argillaceous set of beds, and therefore the actual limits of the
formation can only be given approximately.
At the same time it seems likely that the Lower Calcareous
Grit is of variable thickness in this district, becoming perhaps
more attenuated from north to south, as is the case further east
near Abingdon. Phillips mentions that quicksands were reached
in a well at Even-Swindon, after the Kimeridge Oluy and
Coralline Oolite had been penetrated ; for " Then burst up a
great stream of water, followed by sand in such abundance as to
fiU the vi'ell to a considerable height." *
Highworth.
I In the neighbourhood of Highworth there are a number of
interesting sections, and these afford evidence of the presence of
what has locally been termed an " Upper Calcareous Grit
"
division. It may correspond roughly with the Sandsfoot Beds of
Weymouth.
,11 This sequence was very clearly pointed out by Lonsdale,t and
subsequently by Messrs. Blake and Hudleston.J
Summarizing the evidence obtained by sections near Highworth
railway-station, the brickyard north-west of the church, and the
quarry and brickyard south of the town, we find the following
seqHence :
—
Brubbly coral-rock, with Thecosmilia
annularis, &o. [full thickness esti-
mated at 6 feet]§
Brown and white current-bedded sand,
with derived oolitic grains, and with
layers of oolitic sandstone (" Upper
Calcareous Grit ") -
Ft. In,
* Geol. Oxford, &c., p. 298.
t Trans. Geol. See, seri 2, vol. iii. p. 262.
t Quart. Joum. Geol. Soc, vol. xxxiii. pp. 297, &o.
§ B. B. Tomes, Ibid., vol. xxxix. p. 5.56.
n 82tl28.
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Ft. In.
Upper
Oorallian.
Lower
Calcareous
Grit.
Brown laminated loamy clay, passing
down into blue loamy clay, with
calcareous concretions in places - 5
Oolitic marly clay - - - 6
Oolitic and pisolitic limestone, and
softer marly and sandy bands : with
layer of very shelly limestone at base
in places - - - - 5 6
Rubbly irregular Ooral-bed with
Thecosmilia annularis, MontUvalUa
dispar, &c. - - - 2
Shelly gritty and calcareous rock with11 6
ferruginous parting, and Corals > to
^Shelly oolitic layer (impersistent) - J 8
''Hard calcareous grit with tubiform
markings : irregular band - - 1 6
Brown and white sands, with bands of
calcareous sandstone, and tubiform
markings : seen to depth of - - 15
The species of Corals are here recorded on the authority of Mr.
R. F. Tomes. Other fossils obtained by myself from the Coralline
Oolite were Chemnitzia heddingtonensis {sibxiMlant), Exogyra nana,
Lima rigida, Myacites, Ostrea soUtaria, Pecten articulatus, P,
fibrosus, Unicardium, Echinobrissus scutatus, spines ot Cidaris,
and Serpula. Messrs. Blake and Hudleston record many other
species, including Ammonites cordatus, A. goliathus, A. plicatilis,
and A. perarmatus ; a remarkable and interesting assemblage
from the Upper Corallian Beds.
We have here a thickness of from 45 to 50 feet for the
Corallian Beds, which agrees generally with the thickness assigned
to the formation in the Swindon "Well. It must be remembered,
however, that we have not the complete section; Prof, Hull
assigned a thickness of 100 feet to the beds, and Messrs. Blake
and Hudleston ha\ e (doubtfully) assigned a thickness of 84 feet
to the Lower Calcareous Grit, including passage-beds down into
the Oxford Clay.*
Between Sevenhampton and Watchfield towards Shrivenham,
the thickness of the beds is estimated at about 30 feet by Messrs.
Blake and Hudleston.f
At Shrivenham the upper beds comprise " a local deposit of
femiginous " sand which was traced over a considerable area by
Prof. Hull. This "is separated from the Coral Rag by a parting
of clay," as at Lyneham.f
Doubtless it may be difficult in some places, in the absence of
the upper coral-band, to discriminate between this "Upper
Calcareous Grit," and the Lower Greensand which, here and
there, stretches on to the Corallian Rocks.
The lecordofa well-section at Shrivenham House, to the south-
east of Shrivenham Church, furnishes us with some knowledge
of the strata ; but the record is difficult to interpret. The
* Quart. Journ. Geol. See, vol. xxxiii. pp. 299, 300, and Table, p. 404.
t Ibid., p. 296.
j Geol. parts of Wilts and Gloucestershire, p. 22.
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details, communicated by Mr. J. H. Blake, were obtained from
Mr. Edward Margrett of Beading, who made the boring in 1887,
The section was as follows :
—
Upper
Corallian
(the top 30
feet included
witli doubt).
Lower
Corallian.
'Loamy clay and sand •
Quicksand ....
Sandy clay . . -
, Blue clay witli sand ...
"A Brown clay with sand ...
Stiff clay with shells
Light Corallian stone
_^BIue rock with yellow crystals .
fLight coloured clay
J Light blue clay with beds of sand ; with
I
water, which rose to about 13 feet
L below the surface.
Ft. In.
9
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:
Lower
Corallian.
Limestone, partially oolitic, with flat-
tened lumps of marl (road-stone)
Iron-stained sandy and blue-hearted
oolites, with lignite, OervilUa avieu-
loides, Pecten lens, Perna myiiloides
(building-stones)
J-
Sands and sandy clays - - l^about
Ft. In.
8
3
70 0]
A bore-hole at the Eagle Brewery, Faringdon, after passing through
22 feet of soil and rock-beds (limestones, &c.), was carried to a further
depth of 70 feet in sands and sandy clays, with occasional indurated bands
;
and then into grey sandy clay (Oxford Clay ?) to a depth of 22 feet. The
thickness of the Lower Calcareous Grit on the Lechlade Eoad near
Faringdon, was estimated at about 60 feet by Prof. Hull.*
In quarries to the east of Faringdon, Messrs. Blake and
Hudleston noticed the sandy nature of the Upper Corallian beds,
with CidarisJiorigemma, &c. They observe, moreover, that in all
the quarries there is a kind of passage bed to the Lower Calcareous
Grit.t
In a quarry described by Prof. Hull, a quarter of a mile east of
Kingston Bagpuize, the lower beds of Grit were very obliquely
bedded. (See Fig. 60.) He notes the pebbly nature of the beds,
and estimates the total thickness of the Lower Calcareous Grit
as from 20 to 80 feet, while the Upper Corallian is about 10
feet.J
Fig. 60.
Quarry near Kingston Bagpuize, West of Abingdon.
(Prof. E. Hull.)
A. Upper Corallian .(Coral Eag). Kubbly and shelly limestone, with casts of
shells ; few Cofals.
B. Lower Corallian (Calcareous Grit). Irregular beds of calcareo-silioeons
rock, conglomeratic, fossils fragmentary, alternating with coarse brown
siliceous sand, with pebbles of quartz, lydian-stone, &c. Beds obliquely
laminated.
The sections near HighworLh and Faringdon, show that there
as elsewhere the Corallian Beds are exceedingly variable.
At the Lamb Inn near Fyfield the following section was to be
seen :
—
* Geol. parts of Wilts and Gloucestershire, p. 21.
j Quart. Journ. Geol. Soc, vol. sxxiii. p. 303.
J Geol. parts of Oxfordshire and Berkshire, p. 6 ; see also Bxplan, Hor, Sec,
sheet 72, p. 1.
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Soil
Upper
Corallian.
Lower
Caloareons
Grit.
12. Eeddish-brown earth about
11. Marly bed ....
10. Flaggy and somewhat gritty oolitic
stone - - , .
9. Oolitic sandy debris, with dark
clayey streaks, and occasional
lydite pebbles : Echinobrissus
8. Laminated clay and sand with
irregular calcareous (racy) seams,
forming white bands in places -
7. Oolitic limestone : few fossils
6. Marly oolitic layer: Myacites
5. Hard pale grey and very shelly
limestone, Trigonia-bed : Am-
monites cordatws, TricMtes, and
casts of shells at base
4. Brown earthy rock . with casts of
shells, Myacites, &c. : passing
down into blue rubbly pisolitic
rock, and this merges into bed
below . . - .
3. Grey shelly limestone, oolitic and
pisolitic, frith rolled fragments of
hard limestone, bored by Litho-
domi and encrusted with Serpulte
;
^
small pebbles of lydite and quartz
2. Hard grey calcareous grit, imper-
sistent -
1. Buff sands.
Ft. In.
3
6
Among the fossils from the beds 3 to 7, but chiefly from
bed 5, are Ammonites plicatilis, A. cordatus, Belemnites abbreviatus,
Trigonia perlata, T. Meriani, TricMtes, Gervillia avicuhides,
Ostrea gregaria, Perna mytiloides, Hinnites tumidus, Pecten
flbrosus, P. lens, Lima pectiniformis, Echinobrissus scutatus, Sac.
Many of these and other species are recorded by Messrs. Blake and
Hudleston.* They consider that the upper sandy and clayey beds
rest unconformably on the limestones below. I could see no
evidence of this in the section at the time of my visit; the only
indication of a local break being at the base of bed 3.
Prof. HuUf grouped the top strata of " variegated sand and
clay," five feet thick, as " Upper Calcareous Grit." There is no
doubt that beds 8 to 1 1 may be grouped with the upper beds at
Highwortb, where, as pointed out by Messrs. Blake and Hudleston,
they underlie a layer of Coral Eag.
Coming now to the celebrated district of Marcham we find two
quarries between that village and Shippon, south of the higli road
between Fyfield and Abingdon. The principal quarry is to the
south of Oakley House. This shows the sequence frojii the Coral
Eag down to the Lower Calcareous Grit ; while the other quarry,
parted by two fields to the north-west, shows only the lower beds
and basement portion of the upper division.
* Quart. Journ. Geol Soc, vol. xxxiii. p. ,S04.
t Geol. parts, of Oxfordshire and Berkshire, p. 7.
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The general section at Marcham is as follows
fil):-
7. Eed and brown earthy soil.
'6. Impure and slightly oolitic lime-
stone, passing down into rnbbly
coral-rock and clay
.
- -
5. Oolitic and sandy marl, passing
down into earthy oolitic limestone
and rubbly oolite, with Trigonia-
bed 4, at base. This fossil-bed tapers
away towards the western part of
the Oakley House quairy -
3. Eeddish brown and white shelly
sands, with indurated fissile beds
and laminated clay ; with pebbly
layer at base, when resting directly
on Lower Calcareous Grit 2 6 to
2. Oolitic and somewhat flaggy and
gritty limestone, 1 foot, tapering
away eastwards in the Oakley
House quarry, and replaced by
rubbly oolite, and by a conglo-
meratic band with pebbles of lydian
stone, oolite and bored limestone.
In the quarry to the north-west
this fossil-bed is again seen, where
it is 2 feet thick, and conglomeratic.
It contains Serpula, Trigonia and
many Lamellibranchs ; also Katiea
marchamensis.
'l. Hard calcareous sandstone (1 ft.),~)
" o.
.(see Fig.
Ft. In.
Upper
Corallian.
Lower
Corallian
(Lower
'-Calcareous
Grit).
> 8
Natica-hei (of Blake and Hudle
ston), with N. marchamensis : in
some places united to the fossil-
bed above, in other places separated
by a thin bed of shelly sand (6 in.)
with Exogyra nana, Gervillia,
Pecten jibrosus and Ostrea solitaria -
False-bedded bnff and ochreous sands
with ironstone-concretions, streaks
of clay, pebbles of quartz and
lydian stone: Ostrea gregaria,
lignite, &c. Here and there the
mass of the strata up to the base
of the upper division consists of
layers of fissile calcareous sand-
stone occasionally ripple-marked
;
in other places there are only im-
persistent and irregular layers and
doggers of sandstone
In the Upper Corallian Beds the higher Triffonia-hed yields
Ammonites plicatilis, Belemnites abbreviatics, Lima pectiniformis
Trigonia, Ostrea gregaria, Echinobrissus scutatus, Pygaster
umbrella. Lignite, &c. The lower fossil-bed is also a TrigoniaAitd.
The presence of sandy beils among the fossiliferous Upper
Corallian rocks, and the occurrence of tlie two fossil-beds and
their impersistent character form interesting features.
The sands of the Lower Calcareous Grit at this locality have
been famous, for fine examples also occur of Ammonites perar-
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matus, the casts of which were
formerly described under the
name of A. catena. Casts of A.
cordatus are also met with. Here
too Hemipedina marchamensis
occurs.
The sections at Marcham, in-
cluding a quarry at Noah's Ark
further south, have been described
by Messrs. Blake and Hudleston,
who record many fossils.* They
drew attention to the evidences
of local erosion, but the lower
fossil-bed was evidently not
exposed at the time of their
visit.
The irregular cementation of
the sands ofthe Lower Calcareous
Grit into doggers and into bands
of sandstone was well shown in
the quarries near Marcham.
Passing on to Abingdon our
information respecting the Coral-
lian Beds is derived chiefly from
well-sections.
At Abingdon water was ob-
tained from Corallian rocks, at a
depth of about 60 feet, through
Kimeridge Clay ; but we have
no record of the precise thick-
ness of the strata. The water
was slightly chalybeate, and im-
pregnated with sulphuretted hy-
drogen.f At the water-works by
the cross-road S.S.E. of Wootton
the beds passed through were as
follows :
—
J
Coral Kag. Ragstone
Lower f Solid blue stone
Calcareous
-j Clean sand
Grit. L Solid blue stone
Oxford Clay. Soft soapy clay
* Quart. Journ. Geol. Soc, vol. xxxiii.
pp. 305, &c. ; see al.-io H. B. W., Proc.
Geol. Asioc, Tol. xii. p. 331.
t Eev, J. C. Cluttei-buok, Journ. K.
Agric. Soc., ser. 2, toI. i. p. 2«1.
X Details communicated to Mr. De Eance
by Mr. A. T. Atchison, 1877.
Ft.
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Hence we may conclude that the full thickness of the OoraUian:
rocks at this locality is not more than 50 feet. Further north and
locally to the south, the beds appear to be much thicker.
A well was made for the Wantage Brewery Company at Wantage in
1889-90, by Messrs. 0. Isler and Company. Samples of the strata were
sent to the Museum at Jermyn Street and examined by Mr. Strahan and
myself. He recognized the basement-bed of the G-ault from specimens
obtained from a depth of 279 feet.
The boring was commenced at a depth of 46 feet below an old dug well.
The quality of the water from the higher strata down to 413 feet was not
good, and this was shut out by 3-inch tubes. The water from the lower
strata proyed satisfactory after pumping, and then stood at 83 feet from
the surface. There was an abundant supply.
The details of the boring are as follows :—
*
BoKTNS AT Wantage. Thickness, Depth.
Upper
Greensand.
Gault
Kimeridge
Clay?
94 feet.
\
OoraUian
BedsP
77 feet.
/ Chalky and sandy beds [Dug
1 well] . - - .
TGrey slightly micaceous and
calcareous hard clay, with
I
band of sandstone at depth of
-<; 68 feet -
Clay with sand seams : coarse
quartz grains and pebbles of
hard siliceous rock . -
"Hakd gkeen sand : grey clay
with decayed shells at 280
Hard dark, clay : with decayed
shells at 320, and fibrous car-
bonate of lime (" beef ") at 354 -
Hard clay with shells : gi-eenish-
grey clay with decayed shells
at 360 - -
Hard clay - - . -
Hard stony clay...
EocK. : white marly rock at 373 -
Clay : stifi" grey marly clay at
377, and white marly rook at
378 - - - -
EocK : dark shelly clay with
Peeten or Lima at 397 -
Light grey sand : crumbly cal-
careous rock at 404
EocEl: white calcareous rock at
405 - - - -
Dark green loamy sand : calcare-
ous gritty rock at 409 -
Hard blue clay : grey shelly clay
at 416 -
EocK; white chalky rock at 416,
and bits of Ostrea, some pyritic,
at 434 -
Light grey sand, greenish cal-
careous sandy bed at 435
Dark, grey loamy sand : greenish
calcareous sandy bed at 450
Ft.
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This record unfortunately gives no precise information with
regard to the Jurassic strata. The beds, classed with some
doubt as Kimeridge Clay, might on lithological grounds be grouped
as Purbeck, and the lower strata as Portland Beds. This view,
however, I feel compelled to abandon on account of the Avater-
bearing character of the strata; for the Portland Beds do not
come to the surface over any region near by that could furnish a.
gathering ground for a supply of water. The strata may therefore
be classed as most probably Corallian Beds and Kimeridge Clay.
The " hard green sand " might perhaps form a portion of the
passage-beds from Kimeridge Clay to Portland Beds, but that
rock was not noticed in a record sent to me by Messrs. Isler in
1894, although given in a preliminary statement in 1889.
Further east at Shillingford, to the north of Wallingford in Berkshire,
a boring was made in 1885 by Messrs. Isler and Company. The section
has been described by Mr. Jukes-Browne, who records the strata as
follows :—
*
Boeing at Shilmngfoed.
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Westhwy and Oahie.
rironstone.
I
Sands and clays.
Upper J Eubbly oolite, Coral-
Corallian. j beds, and pisolite.
LOalne freestone, &o.
OOTaTliL. } ^°^^^ Calcareous Grit.
Sighworth and
Farmgdon.
Eubbly Coral-rag.
Sands and clays.
Coral limestone, oolitic,
pisolitic and sheUy
beds.
Lower Calcareous Grrit.
The absence of any bed that corresponds with the Corallian
Oolite of Calne may be due to the local erosion of which we hare
evidence at the base of the Upper Oprallian rocks, near Marcham.
Further on towards Oxford we have but two divisions in the
Corallian formation, the rubbly coral-limestones and the calcareous
grit beneath. In some places these two divisions are so intimately
connected, we can fix no definite plane, of separation; in other
places they are clearly marked off one from the other.
Cumner and Oxford to Headington and Wheatley.
To the south-east of Cumner, and near Bradley Farm, there are
several quarries in the Corallian rocks. One of these, near the
south-east end of Cumner village, showed bedded Coral-rock,
rubbly and irregular in appearance, and with little or no clay,
yielding Thecosmilia annularis, Lima rigida, &c. Quarries by the
cross-roads and west of Bradley Farm showed the sequence as
follows :—* 1
Ft. In.
Upper
Corallian.
Lower
Corallian.
"Coral-rook with interbedded tufaceous
stone, like tbat at Wheatley - 4 to 5
Hard beds of Coral-rook, as at Purton,
with Idthodowus inchisus and spines
of Gidaris florigeinma ; passing down
into sandy shelly and tufaceous rock
of variable character (as at "Wheatley)
with Feeten, Ostrea,- Ilxogyra, &c. - 8
"Brown and grey sands, shelly in places 5
Calcareous sandstone, two or three
thick beds - - - 3
.
Bufl sand and laminated clay - 4
The beds on the whole point to very irregular accumulation.
From the Lower Calcareous Grit at Bradley Farm, Messrs. Blake
and Hudleston record Ammonites perarmatus, A. vertebralis, and a
number of Gasteropods, including Cylindrites Luidi. This is one
of the most fossiliferous beds in the Corallian series. With regard
to the Coral-rag, they obferve that " The reef-corals here are in a
more perfect state of preservation than in any locality we know
of." I obtained a fine sp'ecimen of Isastrcea explanata.
* Hudleston, Proc. Geol. Assoc, vol. vi. p. 343 ; Blake and Hudleston, Quart.
Journ. Geol. Soc, vol. xjjtiii. p. 307.
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West of North Hinksey there was a quarry in which I noted
the following section :
—
Ft. Ix.
fEubbly Coral-rock with mucli clay:
I
spines of Cidarit, LWhodomus, &c. - 8
"Upper J Hard bed of sandy oolitic limestone
Corallian. ) with small pebbles : merging upwards
( into Coral-rock ; Ostrea solitaria,
{_ Peeten artieulatus, &c. - 1 to 2
Lower / Buff sands, with beds of bard calcare-
Corallian. t. ous sandstone - - • - 10
The bard bed below the Coral-rock presents an aspect similar to beds
of Wheatley stone.
On Wytham Hill the Lower Calcareous Grit is surmounted by
the Coral Rag.* (See Fig. 22, p. 44.)
Phillips states that near Oxford the Lower Calcai'eous Grit is
about 60 or 70 feet thick, and that " the sand is sometimes so
loose as to be ' quick,' and choke the wells, which in many places
are sunk to it through the superincumbent rock and clay,"t The
beds were exposed in the railway-cutting at Kennington, where
they contained large masses of calcareous sandstone, as at
Littlemoor.
West of Littlemoor Station, a cutting on the Oxford and Thame
railway showed the following section :
—
Ft. In.
'Dark clay with paler marly beds -
1
Clays and soft white marly beds, with > [15 7]
but few corals = " Coral beds " - J
Shelly sand, with Natica corallina.
Hard calcareous sandy bed - 10 to 1 6
Sand ... - 2 6
Shelly calcareous grit (employed for
building railway bridges) - 2 [to 2 6]
'Bufi" sands with spherical and elongated
concretionary masses of hard
vjoiaiuaii
calcareous sandstone (blue hearted)
ILiOwer < 4x5x2 feet and less in size, like
G ^t^°^ the " doggers
"' in the BenclifiF Grits :
" '
(_ occasional streaks of clay - - 15
Here, as at BuUingdon, we have a difficulty in making any
separation between Upper and Lower Corallian Beds ; there seems
to be no evidence of any local break, and the sandy strata below the
Coral-beds are doubtfully referred to the Upper Corallian, though
they appear to represent the fossiliferous beds of Fyfield and
Marcham.
The beds undulate very much in the railway-cutting west of
the station, but the general inclination is westwards. The clayey
Coral-beds make heavy land on the slopes to the west, and they
much resemble tljose seen in the railway-cutting north of Swindon.
(Fig. 59, p. 118.)
* Hull, Geol. Woodstock, p. 26.
t Geol. Oxford, &c., p. 298.
Upper
Corallian.
Lower
Corallian
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The above section was described by Mr. E. S. Oobbold, from
whose paper I liave inserted the tliickness of the upper clayey and
marly beds.* He states that, in laying the sewage-pumping main
along the road up Sandford Hill, there was a thickness of about
12 ft. 6 ins. of very hard fine-grained limestone above the marls
;
it occurred in three or four layers with hardly any fossils. Above
this, again, there was a stratum of very sandy limestone, 2 ft. 6 ins.
thick, suggesting a trace of the Upper Calcareous Grit.
Mr. Cobbold also gives the record of a trial-hole at Sandford-
on-Thames, which appears to me to have passed through 5 ft. of
soil and Kimeridge Clay and about 10 feet of Upper Corallian
Beds.
To the east and south-east of Oxford the Corallian Beds are
divisible into two portions : an upper one of limestones largely
made up of corals and comminuted shells and corals, and a lower
one of sands with indurated bands and concretionary masses of
calcareous sandstone (Lower Calcareous Grit).
The upper division, which in many places is a Coral-rag, is very
variable in nature, in some places it consists .of impersistent layers
of hard grey shelly limestone (which has been employed for
building-purposes) alternating with shell and coral-sand ; in other
places it comprises irregular bands of coral-limestone and clay.
The quarries show from 10 to 25 feet ; but the beds thicken
towards Wheatley, and the total thickness is given by Phillips as
40 or 50 feet.
Conybeare thought that the upper surface of the freestone-beds, beneath
the Kimeridge Clay, bore evidence of water-action.f Sedgwick observed,
" May not, therefore, the coral rag and superincumbent freestone of
Headington Hill together represent the central group of the Weymouth
and Steeple Ashton sections ? The conjecture seems to be confirmed
by the appearance of the beds in Headington quarries. In that place
the top freestone supports the Kimmeridge clay ; and the separation
between the two is as well defined as a geometric line. Now the
instantaneous passage from one formation to another frequently
indicates the absence of certain beds or deposits. May not then the
upper part of the Weymouth section be wanting near Oxford."J Buck-
land and De la Beche, and later on John Phillips and others, have also
remarked that the Kimeridge Clay rests on a waterworn surface of the
Corallian Beds. I have not observed any distinct evidence of this, but the
change in conditions is abrupt, and as remarked by Mr. Hudleston,
" there appears to be a very marked break."§
There are numerous quarries at Headington, but the junction
with the Kimeridge Clav was best shown in the pit to the left of
the road leading from Oxford to Shotover Hill. The section was
as follows :
—
* See Quart. Journ. Geol. Soc. vol. xxxvl. pp. 315-317, 319 ; see also Blake and.
Hudleston, Ibid., vol. xxxiii. p. 31U.
t Geol. Eng. andJVales, 1822, p. 189.
$ Ann. Phil., vol. xxvii. (ser. 2, vol. xi.) p. 350. See also Buckland and De la.
Beche, Trans. Geol. Soe., ser. 2, Vfil. iv. p. 26 ; Phillips, Geol. Oxford, &c., p. 299.
§ Keport of Sub-Ccmmittee on Classification, Interna't. Geol. Congress. 1888.
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Kimeridge
Clay.
Upper
Corallian.
rSaurian bones,
bluish-grey
( Ammonites, Ostrea
deltoidea, large
crystals of
selenite.
Ft. In.
-<
Dark
clay
Gray racy clay
*Marly layer
False-bedded sandy rock (decomposed)
^
and passing down into bed beneatb - J
Hard grey shelly limestone
Coral-rook, with bands of hard grey
shelly limestone (building-stone) ; few
fossils . . . . 12
Hei'e the total thickness of tbe Upper Corallian Beds, down to
the Lower Calcareous Grit, is about 30 feet. In other quarries
the beds are more fully exposed, and their variable character is.
manifest. We find Coral-rock, shelly sand, and lenticular layers
of hard grey oolitic and shelly limestone ; the wliole irregular and
false-bedded. In places the bottom-bed, as at Littlemoor, is a
very shelly calcareous gritty rock (2 ft. to 2 ft. 6 ins, thick) ; and
this rests on brown sands with concretionary beds of calcareous
sandstone (Lower Calcareous Grrit). In other places: Messrs.
Blake and Hudleston have noticed on top of the Grit a pebbly
bed (about 8 inches thick), with rolled oolite, and nodules with
Ammonites cordatus, and containing also Ostrea solitaria, Avicula
expansa, Lima laviuscula, and Natica clytia*
A quarry east of the road at Bullingdon (or Bullington) showed
the following section :
—
Ft. Is.
"Eubbly coral-beds, with much clay,
and with shelly sand at base ; Pleuro-
tomaria reticulata, Exogyra nana, &o.
Tufaoeous sandy rock -
Shelly sand, with Ammonites perar-
m,atus, Ghemnitzia, Ostrea, Pecten,
8erpula, &c. . - - .
Shelly calcareous grit
Sandy bed - - -
Shelly calcareous grit, slightly oolitic -
_Sand , . . . -
'" Here I have hesitated to mark a division between Upper and
Lower Corallian, though comparing the section with that of
Littlemoor, it might be taken just above the basement sand. The
presence of Ammonites perarmatus is interesting.
The Coral-beds yield many of the Echini {Pygaster umbrella),
which are known to the quarrymen as " Mushrooms." Mr. James
Parker has obtained some Fish-remains, Astoracanthus and Lepi-
dotus, from this locality.
The commoner fossils of the Upper Corallian Beds of Bul-
lingdon and Headington are noted in the accompanying list.
It is curious that the Chemnitzia heddingtonensis is stated by
Sowerby to have been received " from Heddington, near Calne,
Upper and ,
Lower Corallian."^
3
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in Wiltshire ; though he also mentions that he had found
specimens about Shotover Hill (= Headington) in Oxfordshire.*
List of Fossils from the Upper Coeallian Beds of
Headington and Bullingdon.
Ammonites plicatilis.
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nana; and Messrs. Blake and Hudleston note also Ammonites
plicatilis and Belemnites abbreviatus. They remark, " We are
here, then, presented with the deposits' which were formed on the
extreme edge, not only of the coral reef, whose thickness would
not account for so much false dip (which amounts in the most
easterly quarry to 12°, and is even marked at 18° at another spot
on the [Geological Survey] map), but probably of the Lower
Calcareous Grit sandbank also—a conclusion which is supported
by the fact of its apparent sudden termination eastwards." They
add that "the Oorallian formation has died out, not gradually,
but suddenly, and the normal pelolithic formation reigns
supreme."*
This termination has been attributed to the unconformable
overlap of the Kimeridge Clay,t but the evidence favours the
view that the rock-beds may be largely represented in point of
time by sediments of an argillaceous character. We find the same
kind of abrupt ending in connexion with the Upvvare Limestone,
and although some amount of local and contemporaneous erosion
may have taken place, there was no great interval attended by
upheaval and subaerial denudation. Jn Yorkshire, near BirdsalJ,
as pointed out by Mr. Fox-Strangways, the Kimeridge Clay rests
with marked unconformity on the Upper Oorallian rocks, and
further south it reposes directly on the Lower Calcareous Grit.f
* Quart. Journ. Geol. Soc, vol. xxxiii. p. 311.
t Sedgwick, Ann. Phil., 1826, p. 350 ; Fitton, Trans. Geol. Soc, ser. 2, vol. iv.
p. 274 ; Hull, Geol. parts of Oxfordshire and Berkshire, p. 6.
t Juransic Rocks of Yorkshire, vol. i. pp. 869, 405 ; and Geol. country N.E. of
York, &c., p. 23.
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CHAPTER VII.
C0EA.LLIAN.
Local Details—continued,
Ampthill Clay.
Wheailey to Quainton.
North-east of Wheatley the calcareous rocks of Corallian ago
abruptly terminate ; nor, excepting at Studley and Arngrove,
near Boarstall, have any representatives of the Lower Calcareous
Grit been observed in this neighbourhood beyond Wheatley and
Stanton St. John.
It is true that " Lower Calcareous Grit " was so marked on
the Geological Survey Map from Holton by Worminghall to
Oakley, and from Dorton by Westcot to near Quainton. This
area is, however, a tract of clay-land, and it was the opinion of
Mr. T. K. Polwhele that along the belt so marked there were
argillaceous equivalents of the Lower Corallian Beds ; while
Prof Green suggested that these clayey beds might be the 'equi-
valent of the Tetworth (Ampthill) Clay described bj' Prof. Seeley.*
At Studley " a sort of argillaceous chert " was described by
Prof. Phillips, containing Ammonites, Pinna lanceolata, '&ci
According to Prof. Green " This bed runs with a good escarp-
ment by Arngrove Farm to the north of Gravel Pit Farm,
beyond which point we lose sight of it altogether. It dips gently
to the east, but whether it runs under the clay beds to the .east
of it, or passes into a clay, it is not easy to say. Immediately
below this stone we find Oxford Clay with Gryphaa dilatata,
and it is therefore without doubt the bottom bed of the
Calcareous Grit." He records from it Ammonites cordatus,
A. vertebralis, Pecten Jibrosus, &c. He further remarks that,
" To the east of this is a band of very marked light-blue clay,
somewhat sandy, and in many, places crowded with Ostrea
sandalina [JSxogi/ra na7ia]. This bed ranges through Worming-
hall, Oakley, and Boarstall, and was again found with its
characteristic fossil at Westcot, and one mile west of Waddesdon
Field. On the strength of this evidence a belt of this clay has
been drawn between the Kimeridge and Oxford Clays up to the
last-named spot, from whence it has been supposed to thin away
towards the north-east, and it has been looked upon as the
representative of the Coralline Oolite, (1) from its position, lying
as it does between the Oxford and Kimeridge Clays, and differing
in mineral character from both ; (2) from the abundance of Ostrea
sandalina \Exogyra nana] found in it/ that shell being plentiful
in the lower part of the Coral Kag."
Lists of fossils from Ickford, Worminghall, Oakley, and
Westcot are given by Prof. Green,t but the particular localities
* Geol. Banbury, pp. 44, 45.
t Ibid.
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and horizons are not sufficiently distinguished for present pur-
poses. Further research in the district is desirable.
Quainton to Ampthill and Gamlingay.
On the Geological Survey Map, from Quainton eastwards, the
boundary between Oxford and Kimeridge Clay has been carried,
in a "wholly conjectural" manner, through Stewkley Village to
near Leighton Buzzard, where the beds are mainly concealed by
Drift, and where but few sections are to be seen.
It is now, however, generally considered that over this tract,
and indeed from the north-eastern part of Oxfordshire through
Buckinghamshire, Bedfordshire, Cambridgeshire, and Lincoln-
shire, the Corallian Beds are represented, in point of time, for the
most part by clays. Traces of Lower Calcareous Grit Avere
marked on the Geological Survey Maps at Papwortli St. Everard
and at Houghton Hill, west of St. Ives, but with the exception
of the mass of limestone at Upware there is no prominent
development of Corallian rock-beds in this region.
Our information concerning the area near Grandborough and
onwards to Stewkley and Leighton Buzzard is meagre. About
1\ miles west of North Marston Church, Prof Green found
Gryphma dilatata plentifully in the ditches and drain-cuttings,
and this shows that the clay at Grandborough is Oxford Clay.
The same fossil was found N.N.W. of Mains Hill Farm. On the
other hand, Kimeridge Clay was worked in the brickyard south
of Stewkley. Leighton Buzzard itself is probably situated over
Corallian clays ; and from this point the strike of the Jurassic
rooks is to the north-east, the beds being, however, concealed by
the Lower Greensand of Woburn. The Corallian clays re-appear
in the vale near Ampthill.
In 1861 £voi. H. G. Seeley drew attention to a number of
bands of rock that occur at diflferent places in this great clay-
area. He suggested that the name Fen Clay* should be used
as a general term for all the strata from the Oxford to the
Kimeridge Clays ; while for the intervening clay, which, in his
opinion, replaced the Corallian formation, he proposed the name
Bluntisham Clay, afterwards altered to Tetworth Clay,t and
finally changed to Ampthill Clay. J
The name Ampthill Clat is now generally adopted for the
mass of Corallian Clays, which have been so well shown in the
cuttings of the Midland Eailway at Ampthill, in Bedfordshire.
Our further knowledge of the beds is due most largely to the
labours of Thomas Roberts, of Cambridge,§ whose early death
has been such a serious loss to science.
* Sowerby originally used the term Forest or Fen Claj- for the Oxford Clay.
Mineral Uonchology, vol. ii. p. 129.
t Geologist, vol. iv. p. 460 ; A.un. Nat. Hist., ser. 3, vol. viii. p. 503 j vol. x.
p. 108 ; and Rep. Brit. Assoc, for 1861 (1862), Sections, p. 132.
' J Index to Fossil Remains of Aves, &c., 1869, p. 109.
§ Jurassic Rocks of the neighbourhood of Cambridge, 1892.
X 824J8. K
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• Prof. Seeley pointed out that In this division of Ampthill Clay
the fossils show an admixture of forms belonging to both Oxford
and Kimeridge Clays. Of these the more prominent are^the
following :
—
Ammonites aohilles.
cordatus.
var. excavatus.
pllcatllis.
vertebral! s.
Belemnites abbreviatus,
nitidus.
Grypheea dilatata.
Ostrea deltoidea.
discoidea (Fig. 62).
Fia. 62.
Ostrea discoidea, Seeley, J.
Ampthill Clay.
This species has not before been figured, but the example now
taken for illustration, has been seen and approved by Prof. Seeley.
The cuttings north of Ampthill railway-station have exposed
the following strata, which have a general inclination to the south
(see Fig. 63) :—
Glacial Drift - Boulder clay (seen in places)
-r^- .J p, / Olay and dark blue shale, with Ammo-Ji.imeriageuiay-|
nites hiplex, Ostrea delioidea, &o.
'Septarian band, with Ostrea discoidea
in and beneath it.
Grey marly shale and stiff clay, with
selenite ; line of calcareous nodules,
with Isahyodus, and rusty band, with
Arrvmonites cordatus, Alaria, Area sub-
Ampthill Clay «( tetragona, Ostrea discoidea, Thraeia -
Band of pale earthy limestone -
Grey and yellow marly clay
Eubbly rock-bed (like the basement-bed
at Gamlingay), with Alaria, Exogyra
nana, Ostrea gregaria, Pinna laneeo-
lata, Trigonia, Webbina irregularis -
r Clays with " race," selenite ; Ammonites
Oxford Olay • { perarmatus, Belemnites hastatus, and
Oryphced dilatata.
Ft.
3
In.
10
60
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Kimerldge Clay forms than we find to be the case In the area
where the Corallian stone-beds are developed. This is natural
enough, for the conditions of sedimentary deposition were practi-
cally maintained throughout this great argillaceous series from
Oxfordshire to Lincolnshire.
Traced beyond Ampthill the boundary of the Oxford and
Kimerldge Clays is largely concealed for some distance by the
Cretaceous Rocks of Biggleswade, Sandy, and Potton ; and it is
interesting to note that no Corallian fossils, such as characterize
the stone-beds, are recorded from the coprolite-beds of Brickhill
and Potton, where so many other derived Jurassic fossils
occur.*
In the great mass of clays there occur at various horizons
calcareous and gritty beds : some in undoubted Oxford Clay, as
at St. Neots, others on or about the junction of the two Clays,
and some in the Kimerldge Clay.
Particular attention was drawn to these by Prof. Seeley, who
from observations in brickyards and from the evidence of wells,
noted the occurrence of rock-beds in the Fen Clays at Tetworth,
Gamlingay, Papworth St. Everard (High Papworth), Bourn
(south-east of Caxton), Elsworth, Boxworth, Conington, St. Ives,
Holywell (?) and Bluntisham.f
In the absence of fossil evidence, little can be said about some
of these rocks, but from clay overlying rock-beds at Gramlingay
(Gamlingay Clay), Elsworth, and Bluntisham, Gryphcsa dilatata,
together with Ostrea deltoidea, have been recorded, and at
Gamlingay Ammonites biplex was also found.
Tetworth, near Everton, is about 6 miles S.S.E. of St. Neots,
In Huntingdonshire, and from a brickyard on the top of the hill.
Prof. Seeley recorded the following fossils :—
Ammonites acMllea.
Belemnites abbreviatus (exoen-
tricus).
GryphEea dilatata.
Lima pectiniformis
Ostrea deltoidea.
Serpula tetragona.
To the south-east lies Gamlingay, and in brickyards worked on
the northern side of the London and North-Western (branch)
Eailway, near Gamlingay Bogs, the Ampthill Clay has been well
-exposed beneath coverings of Lower Greensand. The section at
the Belle Vue Steam Brick Works has been recorded by T.
Roberts ; to this I have added a few particulars, some of which
were communicated by Mr. Cameron, as follows :
—
%
* See Teall, Potton and Wlcken Phosphatic Deposits, 1875 ; and W. Keeping,
Fossils of XJpware and Brickhill, 1883.
t Ann. Nat. Hist,, ser. 3, vol. viii. p. 504, and vol. x. p. 100 ; Hughes, Proc.
Geol. Assoc, vol. viii. p. 401. See also Penning and Jukes-Bro-wne, Geol, Cam-
bridge, pp. '5, 167 ; T. Koberts, Quart. Joum. Geol. Soc., vol. xlv. p. 547.
X Jurassic Rocks o£ Cambridge, p. 37.
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Lower
Greensand.
Ft.
20
Ampthill Olay -<
. 11
V False-bedded ochreona sand ...
"Greyish black clays, shaly at the top, and
nipped np in places - - -
Grey argillaceous limestone, shivered in places
8 in. to
Black clays .....
Grey argillaceons and nodular limestone (floor
ofpit) . . . . -
Clay, with two bands of stone (no water),
proved to depth of -
Eoberts records the following fossila from the clays above the
base of the pit :
—
1
33
Ammonites biplex ?
Belemnites abbreviatus.
Alaria bispinosa.
CucuUsea contracta.
Gryphsea dilaliata.
Ostrea discoidea.
Peoten fibrosus.
Thurmanni.
The lower bed of grey argillaceous limestone is very shelly in
places, and it contains pyritic nodules ; it now forms the floor of
the pit, and contains Serpulse and Ostrea as noted by Roberts.
From this bed Mr. Cameron and -myself obtained Ammonites,
Exogyra nana, Pecten articulatus, Serpula tricarinata, Cidaris
fiorigemma (spine), and Webhina irregularis. (See p. 136.)
From the clay& red and white bricks are made ; while the beds
of limestone are burnt for lime.
Elsworth and St. Ives.
Proceeding some miles to the north-east, past Oaxton, we come
to Elsworth, and there a rock-bed occurs, to which attention was
long ago directed by Lucas Barrett, who regarded it as " Upper
Calcd,reous Orit."
The Elsworth Kock was described by Prof, Seeley in 1862,
when he made excavations to prove the strata.* The uppermost
beds were found to comprise three layers of hard whitish-grey
rock, 6 to 8 in. thick, yielding Oryphaa dilatata. At a lower
horizon the following beds were noticed :
—
Fi. In.
fDark blue laminated clay (reddish-
brown at base) , with minute crystals
of selenite, &c. Ammonites vertSralis,
. Cfryjphcea dilatata - • - 6 C
^Eock.bed, like that below . - 1 6
Brown.black clay, with Ostrea flabel-
loides (Marshi) ; this bed passes into
sandstone - - - - 5
Dark blue homogeneous limestone, with
ironshot oolitic grains, and iron
pyrites- - • -3 to 7
The Elsworth Eook was then considered to be the uppermost zone of
ihe Oxford Clay ; it is now regarded as equivalent to the St. Ives Rock
;
and both are grouped with the Lower Calcareous Grit, a view suggested
by Messrs. Blake and Hudleston, and confirmed by Thomas Eoberts.
• Ann. Nat. Hist, ser. 3, vol. viii. p. 504; and vol. x. pp, 98, 99, 107, 109;
Sedgwick, Lecture on the Strata near Cambridge, 1861, p. 23.
[Ampthill Olay]
Elsworth Eock,
14, feet.
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With regard to th.e three layers of grey rock above noted, they may belong
to a bed of calcareous grit mentioned by Penning and Jukes-Browne,
who say, " The grit is probably continuous with a small exposure of
calcareous rock, a foot or more thick, with Gryphcea dilatata, just west of
Elsworth, a bed not to be confounded with the ' Elsworth Eock.' "*
Many fossils have been recorded from the Elsworth and St.
Ives Eocks, by Prof. Seeley, Messrs. Blake and Hudleston, and
hy Messrs. Penning and Jukes-Browne. The accompanying list
is that revised by T. Eoberts.t
CoBiiWAsr Fossils.
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Ammonites biplex.
——alternans ?
Alaria bispinosa.
Ceritliium muricatum.
Peoten lens.
The clay beneath yielded Ostrea deltoidea, Gryphma dilatata,
and a species like 0. Iceviiiscula named O, discoidea.* (See Fig.
62, p. 136.) Saurian remains also occur.
The Boxworth Rock was regarded by Prof. Seeley as on a
higher horizon than the Elswortli Rock. Messrs. Penning and
Jukes-Browne observe that the brickyard is in bluish-grey clay,
^' with two thin layers of whitish sandy limestone, separated by a
foot of clay, and very fossiliferous. There is said to be a layer of
septaria, several feet below these limestone bands."t At the time
of my visit a bed of pale septarian limestone called " Olunch,"
said to be about 2 feet thick, was shown at the base of the shallow
pit, and I was informed that clay had been worked beneath it.
Lately, Mr. Cameron has found a rock-bed at Hilton, south-
-east of Huntingdon, and this has yielded Ammonites and
Pholadomya.
Another rock-bed, known as the " Red Rock of St. Ives," has
been opened up in the brickyard to the west of St. Ires. There
Prof. Seeley found abundant remains of a rock, which an old
brickmaker told him " once extended continuously all over the
pit to a thickness of 3 feet, quite at 'the surface, and sometimes
parted into two beds by an intervening layer of clay. Where
visible, the rock here is much weathered, but is the same kind of
reddish-brown deposit, full of oolitic grains, which occurs at
Elsworth."
Beds of rock, dipping eastward, have also been noticed in the
brickyards to the north and north-east of St. Ives, but, as
remarked by Prof. Seeley, " whether this rock is an extension of
that of Elsworth, or another bed inferior or superior to it, is a
very complex question, diflScult to answer."J
Koberts has noted the St. Ives section as follows :
—
§
Ft. In.
Yellowish, brown calcareous clay -07
TBrown ferruginous limestones, with
] ,
decomposed nodules of pyrites in
St.IveBEock J^^PP^^P*''* / .,. - ,.- - 1 6
J
Brown, sandy, fossiliferous limestone,
I with oolitic grains of oxide of iron ;
L nodular towards base - • - 6
Oxford Clay • Grey calcareous sandy clay • -05
A list of fossils from the St. Ives Book has been given previously (p. 140
;
see also p. 55).
Upware.
On the eastern side of the River Cam, about 6 miles south of
Ely, there is an " Ancient Bank " or ridge formed of Corallian
• Ann. Nat. Hist., ser. 3, vol. x. p. 104. See also p. 107.
t Geology of Cambridge, p. 6.
X Ann. Nat. Hist., ler. 3, vol. x. p. 101, and vol. viii. p. S04.
§ Jurassic Rocks of Cambridge, p. SI.
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limestones. It extends from the Inn known as " Five miles ivota
Anywhere," at Upware, northwards for nearly three Jniles tO'
Padney.
The occurrence of tliis rock was, of course, well known to
agriculturists, and it was mentioned by Vancouver in 1794, who,,
in describing the parish of Wicken (" Wickin
"), says, of thi»
portion, " The arable land consists of a deep brown mould, upon
a dry bed of ragstone."*
The attention of Sedgwick was early directed to this exposure
of rock, and collections of fossils were made by him. He does
not appear, however, to have been acquainted with it before 1826,
but he drew the attention of Fitton to the strata, and that
geologist published the earliest account of them, grouping them aa
portions of the " Oxford Oolite," and noting some of the fossils, f
It is remarkable that between Wiltshire and East Yorkshire
this is the only known occurrence of beds that correspond in
character with the Coralline Oolite ; while the nearest beds of
Coral-rock are those of the neighbourhood of Oxford.
The Upware Limestone has been opened up in three quarries,
and only the southern of these is occasionally worked for road-
metal. The quai-ry east of High Fen Farm, has long been
obscured. That to the south-west of the Farm is now abandoned,
and partially filled with water. When I last -visited the section,
in 1889, it showed about 9 feet of crumbly oolitic and pisolitic
limestone, not unlike the Osmington Oolite of Weymouth.
About 12 feet of false-bedded rock has been opened up, and it
has yielded in abundance Echinobrissus scutatus and Holectypus
depressus.
Further south the oolite was shown in several places by the
side of the lane leading towards the southern quarry, and by that
leading from Wicken Lamas Ground towards Fen Side. In the
field to the south of this lane, I picked up pieces of oolite and
also some corals, suggesting that thereabouts the rock shown in the
southern quarry (Coral Hag) overlies that of the northern
(Coralline Oolite).
In the southern quarry, which is about half a mile north of
Upware Inn, the beds are shown to a depth of about 20 feet,
and consist of pale cream-coloured oolite, bluish-grey where
unweathered, and false-bedded.
In the upper, 6 or 10 feet, there are well-marked coral-beds
with ThaAinastr&a, Isastrasa, and Stylina, also Litkodomus in-
clusus, Pecten articulatus, &c. The lower beds consist largely of
shell-fragments, while, at the base, there were oolitic shelly and
marly limestones, resembling beds exposed in the northern quarry..
This sequence was inferred by Messrs. Blake and Hudleston, who
have given an excellent account of the beds and their fossils.
The following list of fossils from the Upware Limestone is taken
from that of T. Roberts; the species marked N. being obtained
* General View of the Agriculture of Cambridge, p. 134.
'
t Trans'. Gebl. Soe., rer. 2, vol. v. pp. 307, 317, pi. xa.
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from the northern, and those marked S. from the southern
quarry* :
—
Ammonites Achilles, N. S.
mutabilis, S.
perarmatus, N.
plicatilis, N. S.
r trifidus, .N.
vertebralis var. cawtonen-
sis, S.
Belemnites abbreviatiis, N.
Alaria, S.
Amberleya princeps, S.
Bourguetia (Phasianella)
striata, S.
Cerithium miiricatTim, S.
Cbemnitzia heddingtonensis, S.
Emarginnla Goldfussi, S.
Fissurella corallensis, S.
Littorina Meriani, N.
muricata, N. S.
Natioa clymenia, S.
clytia, S.
Neritopsis decussata, S.
Gnerrei, S.
Plexirotomaria reticulata, S.
sp., N.
Trochotoma tornata, S.
Troohns, S.
Anomia suprajnrensis, S.
Area semula, S.
anomala, S.
—
— contracta, S.
pectinata, S.
quadrisulcata, S.
Astarte aytonensis, S.
oTata, S.
Cardita ovalis, S.
Cardium (c.f.) delibatnm, S.
CncTilleea elongata, S.
Cypricardia glabra, S.
Exogyra nana, S.
Gastrochsena moreana, S.
Gerrillia arignstata, S.
aviouloides, N. S.
Groniomya v.-scripta, S.
HinniteB tnmidas, S.
Homoiriya tremnla, S.'
Isoarca^randi3'(multi9triata), S,
teiata, N.S.
Lima elliptica, S.
gibbosa, S.
Iseyinscnla, S.
rigida, S.
' rudis, S. '
Lithodomus inclusus, S.
Lucina Beani, S.
moreana, S.
Modiola bipartita, N. S.
(o.f.) rauraciencis, S.
subsequiplicata, S.
Myacites decnrtatus, 8.
recurvns, S.
Myoconcha SsBmanni, S.
texta, S.
Mytilus jurensis, N.
pectinatus, S.
nngnlatus, N. S.
Opis ardnennensis, S.
coralliaa, S.
Phillipsi, N. S.
virdunensis, S.
Ostrea gregaria, S.
solitaria, S.
Pecten articulatus, S.
fibrosus, N.
insequicostatns, S.
Pema snbplana, S.
Pholadomya decemcostata, S.
Pinna lanceolata, S.
Plenromya Voltzi, S.
Plicatula fistulosa, S.
Quenstedtia laevigata, S.
Trigonia Meriani, S.
Ebynchonella, S.
Terebratnla insignia vOiT. malto-
nensis, S.
Gastrosacns Wetzleri, S.
Glyphea, S.
Prosopon marginatum, S.
Serpula tetragona, S.
Vermicularia, S.
Apiocrinus polycyphus, S.
Cidaris florigemma, S.
Smithi, S.
CoUyrites bicordata, N. S.
Echinobrissus scutatuSj N. S.
Hemicidaris intermedia, S.
HolectypuB depressus, N. S.
Hyboclypus gibbemlus, N.
sp. S.
MillericrinuB, S.
Pentacrinns, S.
Pseudodiadema versipora, N.
Pygaster umbrella, N. S.
Stomeoliinus gyratus, S.
Isastrsea explanata, S.
Montlivaltia dispar, S.
EhabdopbyUia Phillipsi, S.
Stylina tubulifera, S.
Thamnastrasa aracbnoides, S,
concinna, S.
" Scyphia," S.
*Eoberts, Jurassic Kocks of Cambridge, p. 53. The above list is revised
from that given by Eoberts in the Geology of parts of Cambridgeshire and
Suffolk (Geol. Survey), p. 12. See also Blake and Hudleston, Quart.
Journ. Geol. Soc, vol. xxxiii. p. 314, and Geol. Mag., 1878, p, 92.
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The apparently isolated nature of the Corallian Beds at this
locality has been remarked upon by many geologists. Prof.
Seeley employing the name " TJpware Limestone " regarded it as
a reef; Messrs. Blake and Hudleston, and Prof. Bonney have
also attributed its local occurrence rather to its " reef-like
character " than to denudation.* Sedgwick, too, long ago remarked
that the rock " does not form a continuous band concealed under
the fens, as several wells have been sunk (between Cambridge
and Lynn) through the Kimmeridge clay into the Oxford clay
without passing through any beds which bore a resemblance to the
Coral Kag."t
On the western side of the Upware ridge, between the two open
quarries, there is a fringe of Lower Greensand and Gault, and
beneath them the Kimeridge Clay was proved to rest on the
Corallian limestone. The Lower Greensand rested irregularly on
the eroded Kimeridge Clay, overlapping its margin, and resting
itself directly against the bank of Corallian Beds, so that no
Kimeridge Clay was exposed at the surface. Details of this
section were published by Messrs. H. and W. Keeping.
On the eastern side of the Corallian ridge no Kimeridge Clay
has been proved, for in pits near Spinney Abbey Farm, the
Corallian Beds were found by W. Keeping and E. B. Tawney,
directly beneath the Lower Greensand at a depth pf 8 feet 9 ins.
from the surface. The Corallian rock was described as a " hard,
gritty, bedded limestone; grey coloured, with scattered large
oolitic grains."!
The accompanying diagram is intended to show the general
structure of the region at TJpware ; it is based on the evidence
furnished by borings in the vicinity. It is probable that the
Upware Limestone is to some extent, at any rate, replaced by the
AmpthUl Clay, as roughly represented in the diagram. When
we compare the fossils enumerated from the Ampthill Clay (p. 137)
with those from the Upware Limestone, their close connexion is
evident.
A well-boring made (1885) at Chettering Farm, half a mile south-east
of Stretham Ferry, and two and a half miles north-west of Upware, was
described by Thomas Roberts, w;ho has given the following details:
—
§
Ft. In.
, „ 1 !-> -if Peat • • • • "60Alluvial Deposits
I gg^jj^ 3 g
Lower Greensand - - - - - - 13 6
'Black clays, with greyish limestone
bands ; the latter were about 1 ft.
thick, and intervening clays 3 ft. 6 in.
-rr- -J m _ J The clay contained some phosphaticKimeridge Clay
-^ ^^^^J , . i _V _ gg ^^
Laminated clays, in which Ammonites
alterncms was found - - - 12
Clays with black phosphatic nodules - 3
• A fuller account of various views concerning the Corallian Beds of Upware is
given "in the Memoir on the Geology of parts of Cambridgeshire and Suffolk, pp. 8-11
.
f Eep. Brit. Assoc, for 1845, Sections, p. 43.
t Neocomian Deposits of Upware and Brickhill, 1883, pp. 3, 7.
§ Jurassic Bocks of Cambridge, pp. 23, 47, 65.
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[ Black clay witli iron-pyrites ; with.
Amptmi Clay-'< 2 feet of dark sandy limestone near
L base - . - .
Lower Calcareous f
Hard greyish limestone crowded with
Grit (= Elsworth \ °°^^^'° grams of oxide of iron j Phola-
.Light brown sandstone -
"Alternating beds of clay and limestone,
the latter 8 to 9 in. thick
1 Clays with some fragments of fossils -
J
Argillaceous limestone - . .
Clay, with small pyxitized Ammonite
and Ostrea - . -
Ft. In.
- 26
Rock).
Oxford Clay,
81 feet.
8
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A. boring at Dimmook's Cote, Stretham Fen, on the western side of
the Cam, and but a little distance from the IJpware ridge proved the
following strata :
—
Feet.
Alluvial r Black earth - .... 3
Deposits. 1. Peat - - . . . - 18
Gault?- - Blue clay - . - - - 110
Greenland P } Rock and sand - - - - 10
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The Blue clay was considered by Messrs. Penning and Jukes-Browne
to be Kimeridge Clay ; * buj; it seems by no means improbable it may be
Gault, with underlying Lower Greensand. On consulting with Mr. Jukes-
Browne (1894), he states that 110 feet is more than the known thickness
of Gault ; but that the blue clay may in part be Gault.
In another boring in Stretham Fen (Mr. Feust's Farm) "Rook and
black sand " were reached at a depth of 30 feet, there being only 18 feet
of blue clay above, with a capping of 12 feet of sand"and gravel. Eoberts
thought the " rock and sand " might be the same as that met with in the
Chettering boring, and which there clearly appears to represent the Lower
Calcareous Grit
; f but it seems to me the evidence on the whole favours,
the view that Lower Greensand and Gault have alone been proved in the
Stretham Fen, and the Geological Survey Map tends to support this view.
A boring at "Wicken was carried through soil 3 feet, and then blue clay,
with bands of black rock (1 foot thick), to a depth of 200 feet. Wicken
village is on the Gault, but, as noted by Mr. Jukes-Browne, its thickness
near by, at Soham, has been proved to be but 90 feet. The Wicken boring
affords no indication of Lower Greensand, but that formation may occur
in outlying portions beneath the Gault, for indeed the Gault overlaps it at
Upware. Hence the Wicken boring may have been carried into Oxford
Clay.
At Soham 12 feet of " red sand and rock " were found beneaththe Gault.
At another well at Soham Fen, sunk 120 feet to rook, the water overflowed,
but was brackish.
At Mildenhall it seems not unlikely that Jurassic clay was reached at
a depth of 261 ft. 6 ins. beneath Chalk, Gault, and Lower Greensand. The
record of Sir H. Bnnbury, quoted by Mr. Whitaker, gives "Blue clay
with fragments of large shells," 9 or 10 feet thick, and penetrated at the
depth of 2614 to 271 feet from the surface. This may, as suggested by
Mr. Whitaker, be Kimeridge Clay ; it may be Oxford Clay.
In a boring at Oulford, between Mildenhall and Bury St. Edmunds,
Lower Greensand was found to rest on Palaeozoic rocks at a depth of
637} feet.t
At the Woolpack Inn, Cambridge, a boring, noted by Mr. Whitaker,
was made to a depth of 433 feet. The lowest 15 feet, beneath the Lower
Greensand, comprised rock, clay, white marl, and dark sand
—
possibly
Corallian Beds.§
In 1836 a boring was made at Saffron Walden in Essex, and this was
continued to a depth of 1,004 feet. The records that have been published
give no satisfactory particulars of the lower strata, all we know is that
10 feet of gravel, and 265 feet of Chalk were penetrated, after which the
bore-hole was continued in " chalk-marl, containing numerous shells with
pyrites." It was considered likely by Mr. Whitaker that this " chalk-
marl." included not only Gault, but probably Kimeridge and Oxford Clays. |1
Mr. T. Koberts has shown that the basement-bed o£ the
Kimeridge Clay contains numerous phosphatic nodules, which
• Geology of Cambridge, p. 165.
t Jurassic Rocks of Cambridge, p. 59.
j Whitaker and Jukes-Browne, Quart. Jouvn. Geol. Soc, vol. 1. p. 488.
§ Geology of parts of Cambridgeshire and Suffolk, pp. Ill, 115.
II
Geol. N.W. part of Essex, p. 7fl ; Geol. Mag., 1890, p. 515. See also Free.
Norwich Geol. Soc, vol. i. p. 28.
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give a well-defined upper boundary to the Ampthill Clay * We
have therefore the following general sequence:
—
t
Kimeridge Clay, with phospliatio nodule-bed at base.
Corallian / Upware Limestone and Ampthill Clay.
Beds. L Elsworth Book.
Oxford Clay.
Willingham, Bluntisham, and the Fenland.
Turning to the main line of outcrop which occurs in the
neighbourhood of Willingham, we find evidence of the base of the
Kimeridge Clay to the east of that village. My attention was
directed in IS82 by Prof. Hughes to some sections at the west end
of Balsar's Hill.| There I obtained the following fossils :
—
Ammonites alternans.
Avioula oostata.
Bxogyra nana.
GastroohEena P
Ostrea deltoidea.
Serpula variabilis.
Vermilia sulcata.
Small black " coprolltes " were very numerous, and these I took
to belong to the Kimeridge Clay, a view confirmed by the later
observations of T. Eoberts.§ The old brickyard north of
Willingham appears to have been worked in Oxford Clay.
Further to the north-west we come to Blimtisham, where Prof.
Seeley described the " Bluntisham Clay." At this locality in
1874 Mr. Skertchly noticed a section showing Boulder Clay,
underlaid by Kimeridge Clay (?), and with Oxford Clay beneath,
yielding Gryphea dilatata and numerous fragile Ammonites. ||
Prof. Seeley has noted that in the bottom of the railway-cutting,
west of Bluntisham, an iron-shot oolitic and shelly rock, resembling
that of Elsworth, was proved. Koberts remarks that the clay
now seen in the cutting is certainly the Ampthill Clay, so that
probably the Bluntisham rock is Lower Calcareous Grit. IT
Through the Fenland area from the neighbourhood of Bluntis-
ham northwards, the Corallian clays are probably present to the
west of Chatteris and March.
At March both Oxford and Kimeridge Clay fossils have been
recorded from the brickyards,** and further north in a deep boring
(made about 1812) at Allen's Brewery, Lynn, clays were pene-
trated to a depth of 630 feet beneath about 50 feet of AUuvium.ft
The lower portion of these clays yielded the following species,
which were recorded in 1835 by C. B. Rose :
—
Ammonites deoipiens.
excavatns.
Belemnites abbreviatus.
Ostrea (Gryphaea) buUata.
Thraoia (Mya) depressa.
Serpula trioarinata.
• Quart. Joum. Geol. Soc, vol. xlv. p. 547.
t This agrees with that given in 1871, by Prof. Morris, Proc. Geol. Assoc,
vol. ii. pp. 220, 223 (Excursion to Cambridge).
J Geology of parts of Cambridgeshire
and Sufiolk, pp. 14, 18.
§ Jurassic Kocks of Cambridgeshire, p. 62.
|| Geology of parts of Cambridgeshire and Suffolk, p. 113.
S Jurassic Bocks of Cambridgeshire, p. 21.
** Skertchly, Geol. Fenland, pp. 192, 268, 317.
tt Phil. Mag., ser. 3. vol. vii. pp. 173, &o. See also Fitton, Irani. Geol. Soc,
itr. a, vol, iv. p. 316 ; .and Whitaker, Geol. S.W. Norfolk, &c p. 158.
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To these Fitton added Gryphcea dilatata and Ostrea deltoidea.
Although identified so long ago, it is notevvorthy that all these
species are among those enumerated by T. Roberts from the
Corallian clays of Lincolnshire,* and we are justified therefore in
concluding that we have here the representatives of these beds or
of the Ampthill Clay of other parts.
It is possible that Corallian clay occurs also at Denver Sluice,
south-west of Downham Market, for Rose has recorded Ammonites
decipiem from dark blue clay beneath the Alluvium at this
locality.
Lincolnshire.
Passing into Lincolnshire we traverse a considerable area where
the Kimeridge Clay and the passage-beds into the Oxford Clay
(of Corallian Age) are concealed beneath the Alluvium of the
Fenland. At Billinghay we find Oxford Clay and at Tattershall
Kimeridge Clay, the intermediate ground being concealed by the
Alluvium of the Witham.
Further north from Bardney onwards to near Bametby-le-Wold
an approximate boundary-line between Kimeridge and Oxford
Clays has been drawn on the Geological Survey Map, but the
tract is very largely covered by Drift, so that definite fossil
evidence is obtained only here and there.
Referring to the southern portion of this area Mr. Jukes-Browne
has stated (1888) that "the Corallian group [i.e., as a rock-
formation] is entirely absent, and the Oxford Clay passes up into
the Lower Kimeridge without the development of any bed which
can be taken as forming a line of division." He remarks that
" Near Bardney the position of this zone of passage can be fixed
with tolerable certainty," and he further observes that " The
Lower Kimeridge Clay contains many species which are usually
considered as Oxford Clay forms, such as Ammonites plicatilis and
Gryphaa dilatata."^ The northern portion 'of this area was
examined by Mr. Ussher, and he obtained near Wrawby evidence
of the palaeontological boimdary between the clays.J
In the meantime (1889) Thomas Roberts published the results
of his researches oh this subject. He examined the country with
the view of ascertaining whether any clays corresponding to the
Ampthill Clay occur in Lincolnshire between the Oxford and
Kimeridge Clays ; and he came to the conclusion that there was
on this horizon a band of black selenitiferous clays with occasional
septaria, and with Ostrea deltoidea and Gryphcea dilatata, which
correspond both lithologically and palseontologically with the clay
at Ampthill, and may therefore be considered of Corallian age.
The maximum thickness observed was 17 feet, and the beds were
seen in brickyards west of Hawstead Hall, near Stixwould ; on
• Quart. Journ. Geol. Soc, vol. xlv. p. 556.
t Geol. Lincoln, pp. 73, 78, 79.
j Geol. Nortli Lincolnshire, p. 99 (1890).
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Bardney Common ; north of South Kelsey ; and west of North
Kelsey railway-station. Evidence was also obtained of these beds
in the railway-cuttings east of Brigg and near Wrawby. Roberts
regarded the beds in the western half of the Wrawby-Bridge
cutting as Oorallian ; there, and in another cutting a quarter of a,
mile north-westj the black clays with selenite were exposed. At
Wrawby-Bridge these clays are succeeded by dark clays with
brownish iron-stone concretions, yielding other fossils. The list
of species from Wrawby published by Mr. Ussher includes also
forms obtained from the base of the Kimerldge Clay ; but he states
that Ammonites rotundus has been found in association with
Gryphaa dilatata, both at Wrawby and at South Kelsey.*
In the brickyard south-east of Bardney thin gritty bands occur
in the dark shaly clay, but at the time of my visit (1889) the clay
had not been dug for the past three years. A list of fossils has
been pubKshed by Mr. Jukes-Browne,t and this includes some
species not recorded (or differently named) by Roberts. These
clays overlie the Oxford Clay with Ammonites cordatus, A.perar-
matus. Sac, and are surmounted by Kimeridge Clay, with Ostrea
deltoidea in abundance. All the species observed by Roberts also
occur in the Corallian Beds of other localities, nearly all of them
occur in the Ampthill Clay, and not one of them is peculiar to
either Oxford or Kimeridge Clay. The association of Gryphaa
dilatata and Ostrea deltoidea is characteristic of the passage-beds
between these clays. In Lincolnshire he states that the former
species is most common in the lower part of the selenitiferous
clays, whilst the latter is more frequently met with in the upper
pai't. 'llie careful observations of Roberts therefore enable us to
group these Intermediate clays in Lincolnshire with the Ampthill
Clay. Their thickness is not less than 20 feet, but owing to the
absence of any clear continuous sections their full thickness has
not been ascertained.
The following is a list of fossils from the Ampthill Clay of
Lincolnshire, as recorded by Roberts ;t those marked x occur
also in Bedfordshire :—
IchthyoBaTims.
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Sussex and Kent.
In tbe Sub-Wealden Boring representatives of the Oorallian
Beds have been recognized in certain strata passed through, but
it is not possible to clearly mark off their limits. They come in
the series between the depths of 1,325 and 1,806. In the detailed
account of the boring (p. 347) 1 have limited them to the beds
proved from 1,565 to ],806 feet—a thickness of 241 feet.
Mr. Topley has remarked that " The ' true Coralline Oolite/
17 feet thick, was met with at 1,769 feet from the surface." Mr,
Hudleston was inclined to regard the beds at from 1,330 feet down-
wards as Oorallian. Gervillia avicuhides was met with at depths
of 1,380 and 1,381 feet; Ammonites mutabilii is recorded, by
Mr. Etheridge, down to a depth of 1,562 feet.* These, however
may belong to the Kimeridgian Beds.
Pinna lanceolata, Trichites, and Rhynchonella pinguis are
recorded from a depth of 1,656 feet. Distinctly oolitic limestones
occur in the lower beds at depths of 1,769 to 1,786 feet, and
again between 1,865 and 1,880 feet. The last-named band is
grouped with the Oxfordlan Beds. I am indebted to Mr. E.
Crane and to Mr. B. Lomax for showing me these and other
specimens in the Brighton Museum. A sample from the depth of
1,775 feet was shelly oolite with Trigonia. Specimens from a
depth of 1,587 feet showed somewhat concretionary calcareous
sandstone.
In th« Dover Boring 159 feet of strata (between the depths
of 610 and 769 feet) are assigned to the Oorallian Beds, by Prof.
Boyd Dawldup. (See p. 343.) Higher up, (between 546 and 558
feet) there was found a bed of ironstone ] 2 feet thick, comparable
with that of Westbury or Abbotsbury. Prof Dawkins
remarks " It is composed of small dark brown shining grains of
hydrated oxide of iron, like millet seed, imbedded in a base partly
composed of calcium carbonate and partly of iron carbonate.
These grains are oolitic in structure," This iron-ore occurs at an
horizon more than 60 feet above the mass of oolite with Cidaris
jlorigemma and Corals, and is included in the Kimeridge Clay by
Prof. Dawkins, There is no evidence to prove its particular
palseontologioal zone, though there can be little doubt that it
belongs to beds on a somewhat higher horizon than the iron-ores
of Westbury and Abbotsbury,
Dixon's Geology of Sussex, ed. 2, pp. 155, 159.
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OHAPTEE VIII.
UPPEE OOLITIC.
KiMEKiDGE Clay.
(KiMEEIDGIAN.)
General Account of the Strata.
This fonnation derives its name from the village of Kimeridge,
in the so-called Isle of Purbeckj the dark shales and cement-
stones of which it consists, being well shown in the cliffs of
Kimeridge Bay, and indeed all along the coast between Gad Cliff
and St. Albans Head.
The term "Kimeridge Strata" was employed in 1812 by
Thomas Webster,* and the term " Kimeridge Clay " was used by
Buckland in 18 IH. The Kimeridge Clay consists of dark grey
and black shaly clay, with much selenite in places. The clay
weathers brown at the surface. The beds are as a rule darker,
and in mass more shaly, than the Oxford Clay, and the layers of
septaria are more persistent and more frequent. Here and there
the shale is very bituminous, and we find occasional bands of pale
and somewhat shaly limestone : but there are no marked strati
-
graphical divisions in the Kimeridge Clay. It varies in thick-
ness from over 1,200 feet in the south of England to about 100
feet in Oxfordshire. It is one of the most persistent formations
in this country, presenting similar lithological characters through-
out its extent from Dorsetshire through the country to Lincoln-
shire, and to the Yorkshire coast bordering the Vale of Pickering
It is a marine mud, accumulated in the English area too far
from land to be affected by coarse detrital material ; for we see
no evidence of marginal deposits. In Sutherlandshire very angular
debris is commingled with the shales of equivalent age.
The Kimeridge Clay owes its dark tint partly to carbonaceous
matter, partly to bisulphide of iron.f The decomposition of
pyrites by atmospheric agents leads to the formation of selenite,
lime being present in the clay itself as well as in the fossils. In
some cases the Oyster shells (O. deltoidea) have been converted
into sulphate of lime, as noted by Dr. Kidd, at Shotover.f The
decomposition of the pyrites leads to the formation of limonite,
which, in the case of the Headington quarries near Shotover,
is washed from the Kimeridge Clay on to the Corallian stone
beneath. §
* Englefield's Isle of Wight, p. 187, and Map (Plate 50).
t G. Maw, Quart. Joum. Geol. Soc, vol. xxiv. p. 357 ; see also analysis by J. D.
Kendall, Trans. N. of Eng., Inst, of Mining Engineers, vol. xxxv. p. 156.
i Outlines of Mineralogy, 1809, vol. i. p. 68.
§ See Keport of Excursion of Geologists' Association to Oxford, 1869, p. 6
(separately printed).
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Organic Remains and Zones.
Our particular knowledge of the fauna of the Kimeridge Clay
in thia country is clue largely to the researches of Prof. J. F.
Blake,* The local ranges of many of the fossils render it difficult
to sub-divide the formation into zones that can compare with those
of the Lias. As remarked by Mr. Hudleston " There is no
formation in the whole Jurassic system as developed in England
which is more difficult to tabulate or understand than the.
Kimeridge Clay"\
Oppel included in his Kimeridge Group three zones, in ascending'
order, those of Astarte supracorallina, Pterocera ooeani, and Trigonia
gibhosa ; thus including beds that in this country would be grouped on
the one hand as Oorallian and on the other as Portlandian. His zone of
Pterocera oceani included the main mass of our Kimeridge Clay.J
Excluding the Portlandiau portion, the following palEeontologioal
divisions have been also suggested by Oppel and "Waagen :
—
§
Ammonites mutabilis
and E. virgula.
A. altemans and
Rhynclionella in-
constans.
Kimeridge
Clay.
Emogyra virgula (Virgulian) -I
Pterocera oceani (Pterocerian)
{
Astarte supraeorallina (Astartian).
Stratigraphically the beds with the Astartian fauna belong in this
country mainly to the Oorallian Beds, althougli As{ai~te sv/pracorallina is
stated by T. Eoberts to be abundant in the Lower Kimeridge Beds at Ely. \\
The occurrence in the .Upper Oorallian (so-called Kimeridge Grit) of
Osmiriglon, of Ammonites nrmtahilis and BJiynchonella inconstans attests
the close connexion of the formations ; wbile on the continent PIxogyra.
virgula is recorded from the Astariian beds as well as from the beds above.
Hence these species do not well lend themselves to zonal groupings.
In the above grouping no account is taken of our higher beds of Kimeridge
Clay, with Ammonites hiplex, Biscina latissima, and Lingula ovalis.
There is no need in this country to divide the Kimeridge Clay
into more than two zones for general stratigraphical purposes,
and these are intimately blended. The zones and sub-zones are
as follows :
—
Zones. Stjb-Zones.
Ammonites biplex.
Ammonites alternans.
Discina latissima.
Exogyra virgula.
Ostrea deltoidea.
» Quart. Joum. Geol. Soc, vol. xxxi. p. 196.
t Keport of Sub-Committee on Classification, Internal. Geol. Congress, 1888,
(reprint) p. 101.
i Die Juraformation, pp. 724, 808.
§ Versuch einer allgemeinen Classification der Sehichten des obercu Jur»
(Munich), 1865.
II
The Astartian Beds were grouped as Corallian by D'Orbigny; See also T.
Roberts, Jurassic Books of Cambridge, p. 69.
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KiMERiDGE Clay Saueians.
Fig. 65.
Fig. 66.
Fig. 67
Fig. 6S. Ichthj'osaurus entheciodon, Hulhe; Centrum of dorsal vertebra: A.
Section, B. Anterior aspect, C. Left lateral aspect.
Fig. 66. Ichthyosaurus trigonus, Owen; Centrum of dorsal vertebra : u. Upper
and h. Lower costal tubercle.
Fig. 67. Tooth of Geosaurns (Dacosaurus) maximus, Plien,
L 2
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The Lower Beds, when fully developed, are about 400 feet
thick, and consist of clays and dark shales with layers of cement-
stone and septavia. They yield near the base Ammonites muta-
Lilis, Ostrea deltoidea, and Rhynchonellu inconstans, and higher
up Ammonites eudoxus, A. longispiilus. A. alternans, Exogyra
nana, E. virgula, Aptychus ( Trigonellites) latus, &c.
The Upper Beds, which attain a thickness of 600 or 650 feet
in places, comprise dark bituminous shales and paper shales, often
with white compressed shells, with many layers of cement-stone
and septaria in the lower portion, and higher up occasional bands
of pale calcareous shaly rock; they merge gradually upwards
into the Lower Portland Beds. They yield Ammonites hiplex, A.
longispinus, Cardium striatulum, Exogyra virgula, Lucina
minuscula, L. lineata, Thracia depressa, Discina latissima,
Lingula ovalis, &c.
It should be mentioned that forms identified as " Ammonites
biplex " range from the Lower Kimeridge Clay to the Portland
Beds, and that the species includes several mutations.
Fossils may be found almost everywhere in the Kimeridge
Clay, where the formation is exposed, not only in the shales, but
sometimes in the cement-stones. Occasionally the MoUusca are
partially replaced or coated by iron-pyrites, and most of them are
delicate and brittle, and much flattened, as is usual in shale that
has undergone much compression from strata now or formerly
overlying it.
Remains of a Cetacean, named Palceocetus Sedgwicki by Prof.
Seeley, were obtained from the Boulder Clay at Ely', and it has
been considered that this fossil may have been derived from the
Kimeridge Clay.* Many Saurian remains are found in the
formation, including the Dinosaurs Omosaurus and Pelorosaurvs,
Crocodiles such as Dacosaurus and Steneosaurus, Omithosaurians
(Pterodactyl), also Ichthyosaurus, Pliosaurus, and Cimoliosaurus,
and likewise Ohelonians.
Among Fishes we find Asteracanthus, Gyrodus, Hybodus and
Lepidotus, but we have usually to be content with the discovery
of fin-spines, palatal teeth, and scales.
The commoner MoUusca and Brachiopoda are noted in the
accompanying List. Gasteropods are not numerous, but they
include Alaria, Cerithium, Natica, and Pleurotomaria. The
•Crustacea include Pollicipes. Insects, Echinoderms, and Corals
are rare- Foraminifera may be obtained by those who care to
wash the clay and extract, these tiny organisms from the residue.
Few Plant-remains are to be found, but Mr. G. Murray has
described a fossil Alga, belonging to the genus Caulerpa, which
was obtained by Damon from the Kimeridge Clay of Weymouth.
|
Another specimen (also figured by Mr. Murray) was found at
Weymouth by Mr. H. W. Fuller, and presented by him to the
Museum of Practical Geology.
* Woods, Catalogue Type Fossils in Woodwardian Museum, 1891, p. 180.
t Phycological Memoirs, 1892, p. 11, and Plate v. fig. 1 ; See also Damon,
Supplement to Geology ofWeymouth, Ed. 3, 1888, Plate xix. figs. 12 find 12a.
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KlMEKIDSE OlAT FoSSIL".
Fig. 68.
Fig. 69.
Fig. 71.
Fig. 70.
Fig. 68. Ammonites alfernans, von Bueh. f.
,, 69. Ostrea deltoidea, Sow. %. «
„ 70. Thracia depressa, Sow. f
.
„ 71. Ehynchonella inconstans, 5fow. IJ.
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KiMEKiDGE Clay Fossils.
Fig. 72. Fig. 73.
Fig, 74.
i*
II."- ^ ••'"
Fig. 78.
Fig. 77.
Fig. 79.
Fig. 72. Ammonites biplex, Sow. |.
,,
73. , eudoxus, A'Orb. f.
" 1\' ^Ptyo^iTiB (Trigonellites) latus, Tark.
„ 75. Cardium striatulum, Sow. Nat. size.
„ 76. Luoina mimiscula, BlaJce. Nat. size.
„ 77. Astarte hartwellensis, Sow. J.
"
nn'
J?'^Syra Tirgula, Defr. Nat. size.
„ 79. Lingula ovalis, Sow. Nat. size.
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III the following list the leading fossils of the Upper and
XiOwer Kimeridge Clay are enumerated, and the records show how
impossible it is to define any limits. Ammonites alternans has
been regarded as equivalent to A. serralus, and that species has
been considered by some to be the same as A. cordatus var.
excavatus
; it is well to bear in mind that at any rate these are
closely allied forms.
List of Common and Characteristic Fossils of the Kimeridge
Clay.
Lower Beds. Upper Beds.
Ammonites alternans (Fig. 68) - 1 -
biplex (Fig. 72) ^ . _ 2
Callisto - - 1 -
cymodoce - - 1 -
decipiens - - - 1 -
eudoxus (Fig. 73) 1 2
longispinus - - 1 2
mutabilis - - - 1 -
orthocera - - 1 -
rotnndus - - - 1 -
Aptychus (Trigonellites) latus (Fig. 74) 1 2
Belemnites Souichi - - - — 2
Area rhomboidalis - - 12
Astarte hartwellensis (Fig. 77) - _ 2
lineata - - ) 2
supracorallina - - - 1 -
Cardium striatulum (Fig. 75) - - 1 2
Exogyra nana Fig. 34) - - - 1 -
virgula (Fig. 78) - - 1 2
Lucina minuscuia (Fig. 76) - - - 2
INucula Menkei - - - - 2
Ostrea deltoidea^ (Fig. 69) - 1 -
Thracia depressa (Fig. 70) - - 1 2
Discina humphriesiana - - - - 2
latissima - - - - - 2
Lingula ovalis (Fig. 79) - - - 1 2
RhynchoneUa incpnstans (Fig. 71) - 1 -
Serpula intestinalis - - - 1 -
tetragona - - - 1 2
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CHAPTER IX.
KiMERIDGE OlAT.
Local Details.
Dorset Coast,
.
The Kimeridge Clay ia well exhibited in the dark cliffs that
extend from the base of Gad Cliff, eastwards by Kimeridge Bay
to the foot of Emmit Hill and St. Alban's Head. At both
ends of these cliffs we find the higher beds of Kimeridge Clay
merging upwards through dark sandy clays into the Lower
Portland Beds. The general structure presented to view is that
of a gentle anticline, tlie denuded summit of which, in Kimeridge
Bay, does not reveal the lowest beds of the Kimeridge Clay. In
these cliffs therefore we can study only a portion of the formation.
It comprises beds of black iron-stained shales with layers of cement-
stone or septaria, and bituminous shales, one layer being the well-
known " Kimeridge Coal." The beds stretch along the foreshore
in a series of broad and slippery pavements. The cement-stones
where they occur near the sea-level form the platform ofBroad,Bench
and the Kimeridge Ledges, which serve partially to protect the
coast-line, and indeed account for the irregularities which form the
bay. Tumbled blocks and I'olied pebbles of the septaria are scattered
along the beach, while the crumbling away of small portions of
the shale above occasionally reminds the pedestrian in an un-
comfortable manner of the waste of the cliffs by meteoric agencies.
Springs issue at numerous points along the cliff, and an occasional
stream descends in the form of a cascade. The strata are displaced
by numerous faults, doubtless produced during the upheaval of
the strata ; hence it is difficult at first to form any estimate of
their thickness, although in many places the amount of throw
may be calculated from the displacement of particular bands of
cement-stone.* Prof. J. F. Blake has estimated that the upper
beds of the Ivimeridge Clay exposed near Kimeridge attain a
thickness of 650 feet ;t and this does not differ materially from
the estimate made recently by Mr. A. Strahan.
The Kimeridge Clay at the base of St. Alban's Head and
Emmit Hill is almost entirely concealed by tumbled masses of
Portland Rocks. We find the first good exposures of the beds at
Chapman's Pool, a bay at the foot of Rensoombe. Here the black
and rudely laminated shales dip gently to the south-east, and
they are seen in the cliff and in the ravine through which a stream
flows to sea over ledges of the shales. This is a noted locality for
* Some of the faults have lately been figured by Mr. Mansel-Pleydell, Proc.
Dorset Nat. Hist. Club, vol. xv. p. 172.
t Quart. Journ. Geol. See, vol. xxxi. p. 198.
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fossils, and we may find many Ammonites, some of them pyiitie.
The following species were collected by Mr. J. Rhodes :
—
'Fish remains.
Aramonites biplex.
Coccoteuthis.*
Area.
Astarte lineata.
Avicula.
Oardium striatulum.
Ostrea durhiscula.
Pecten lens Tar. Morini.
Discina iatissima,
Ehynchonella.
Cidaris (spine).
Fig. 80.
Cliff of Kimeridge Clay and "Coal workings" at Kimeridge.
(From a photograph by A. Strahan).
To the above list may be added Belemnites Som'chi, recorded by
Prof. Blake. He gives a detailed section showing 651 feet of
strata extending from Chapman's Pool to Hen Oliff.t
Westwards by the Encombe Cascade, and under Swyre Head
the cliffs exhibit a thick mass of shales, without hard bands,
excepting only a layer of banded greyish-brown stone, weathering
white, which appears near the top of the clifiF east of the
Kimeridge "coal-works," and descends to the shore near the
gap af Encombe. Bands of this character, sometimes 3 feet thick,
may be seen also at Gad Cliff and Ringstead Bay, and they were
noted by FittonJ who mentions that they are locally called
" White LiaS," which to some extent they resemble, although they
cannot be considered as limestones. A bed of cement-stones
occurs at the base of these shales, below which the more bitu-
minous beds- outcrop, passing beneath the sea-level to the east of
* J'irst found by W. K. Brodie, Quart. Journ. Geol. Soc, vol. xi. p. 124.
t Ibid., vol. xxxi. p. 198.
j Trans. Geol. Soc.j ser. 2, vol. iv. p. 213.
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the coal-works. These bituminous shales are seen in the cliffs of
Little Kimeridge, where they have been worked for various economic
purposes. (See p. 329.)
The best bed or "Black -stone," is a dense shale about 2 feet
thick that occurs near the middle of the workings. It contains
grey pyritic nodules ; and is overlaid by 4 feet 6 ins. of clay,
and again by about 16 feet of more or less bituminous shale and
soil. From the shale above it, Mr. Rhodes obtained Fish-remains,
Littorina, Astarte mysis, Cardium striatulum, Lingula ovalis and
Serpula ; and from the Black-stone, Ammonites biplex, Ostrea
Iceviuscula, arid Discina latissima. (See Fig. 80, p. 159.)
Westwards at Hen Cliff, we find alternations of black and iron-
stained shales, having a zig-zag appearance due to the rusty
joint-faces that are exposed. Here and there alum crystals
produce a white efflorescence, and there are four conspicuous
•bands of cement-stone, more or less continuous, and from 8 inches
to 1 foot in thickness. Small cement-stones also occur here and
there in the shales. The dip here is about 4° E.N.E. From the
shales at the base of Hen Cliff, Mr. Rhodes obtained Fish-remains,
Ammonites biplex, Astarte, Cardium striatulum, Exogyra virgula,
Lucina minuscula, Ostrea duriuscula, O. Iceviuscula, and Discina
latissima. Prof. Blake records, in addition to some of these species.
Ammonites Thurmanni, Trigonellites, Astarte lineata, and Area*
On the eastern side of Kimeridge Bay the lower beds exposed
on this portion of the coast are to be seen ; the beds consist of
dark bluish-grey shale and paper-shale, more or less iron-stained,
dipping at a low angle to the south-east. Here Mr. Rhodes
obtained Fish-remains, Coprolites, Ammonites eudoxus, Cardium
striatulum, Corbula, Ostrea duriuscula, and Lingula ovalis^
On the north-western side of the Bay, the beds contain much
pyrites, and tiie Ammonites {A. biplex) are pyritic. They appear
to be on a higher horizon than the beds seen south-east and south-
west of the bay.
On the west side of the Bay we find shales with cement-stones
and septaria dipping westwards, and the fossils correspond
generally with those found on the eastern side of the Bay. The
strata, however, are faulted, and as Prof. Blake remarks " the
continuation of the beds is not distinct."
From the shales at Broad Bench, Mr. Rhodes obtained the
following fossils :
—
Fish-remains. Avioula inaequivalvis.
Aminoiiites biplex.
|
Oardiuia striatulum.
eudoxus. Corbula.
. Kapffi.
,
Cyprina ?
_
longispinus. Exogyra virgula.
Oocooteuthis latipennis. i Hiimites.
Aptychus (Trigonellites) latus.
Alaria.
Area longipunofcata.
Astarte lineata.
Many fine Saurian remains have bsen obtained by Mr. J. C.
Mansel-Pleydell from the Kimeridge Clay of Kimeridge. In the
* Quart. Journ. Geol. See., vol. xxxi. p. 199.
Luoina.
Ostrea duriuscula.
Peoten lens var. Morini ?
Lineula ovalis.
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Dorchester Museum there is a gigantic humerus and a complete
paddle of Pliosaurus grandis, the latter measuring more than
6 feet in length. Two species of Pterodactyl have also been
obtained, Pterodactyliis Manseli, and P. Pleydelli*
Proceeding towards Gad Oliff we find the higher beds of
Kimeridge Clay much obscured by slipped material. Towards
the upper part of the clay there is a hard band of calcareous sandy
shale (3 or 4 feet thick) weathering white, and with impersistent
partings of black shale; and 15 or 20 feet lower down there are
two bands of sandy shale, each about 3 inches in thickness, and
these also weather white, and they are separated by 3 inches of
•dark sandy shale with iron-pyrites.
The uppermost portion of the Kimeridge Clay is a pale-grey
clay that passes downwards into dark blue clay and shale, and
paper-shale, with small cement-stones. Some Saurian remains
occur here, together with Ammonites hiplex, &c.
A band that represents the Black-stone was observed in
Brandy Bay by Mr. Strahan, it is a shaly coal with nodules, about
2 feet thick ; and it occurs beneath the thick white bed.
Coming to Eingstead Bay we find a fine exhibition of the
Portland Beds and Kimeridge Clay in Holworth CliflF, to the
west of White Nore. The section is, however, not sufficiently
clear to admit of detailed measurements. Towards the upper
part of the Clay, as at Gad Cliff, there is a layer of white, fissile,
shaly, calcareous rock 2 feet thick, with intercalated band of
shale. This was noticed by the Eev. P. B. Brodie who obtained
Fish-remains (^Hyhodus) from it, and found the elytron of a
Beetle in the beds below.f Thin bands of flaggy and sandy shale
may be traced here and there both above and below this white
rock, and Fish-remains occur in them.
Shales and cement-stones, the latter in isolated nodules or in
persistent bands, form the mass of the Kimeridge Clay in this
cliff. Saurian and Fish-remains occur, and Lucina minuscula and
other bivalves may be found in the shales. Ammonites biplex
is not uncommon. Prof. Blake has recorded from lower beds
Ammonites cymodoce, Exogyra nana, E. virgula, Thracia depressa,
Lingula ovalis, and many other fossils.J
The lowest beds of the Kimeridge Clay are well shown further
west in the low cliffs near the boat-house. By the plantation on
the west side of that building the following succession was
observed :
—
Ft. In. Ft. In.
i'^Blue
clays, &o., with lehthyosa/wruB,
•Astarte, Ccvrdmm, Exogyra virgula.
Oyster-bed, gritty limestone with
Exoygra nana, Serpula, &c.
Clays with Ostrea deltoidea, Bhynchonella
inconstans, &c. - • - -30 or40
Irregular
_
iron-shot sandy limestone,
with Oidaris florigemma, &o. (Kime-
ridge Grit of Damon, see p. 84) - 6 to 9
* Proc. Dorset Nat. Hist. Club, vol. i. p. 2.
t Quart. Joum. Geol. Soc, toI, ix. p. 52,
J Ibid., vol. xsxi. p. 212.
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Prof. Blake mentions a band with Trigonia Meriani on top
of the " Kimeridge Grit," which he includes in the " Kimeridge
Passage-beda."*
The Kimeridge Clay is well shown in the cliffs of Black Head
west of Osmington, and thence the beds extend inland by tlpway
to Portisham and Abbotsbury,
A shaft sunk by W. Manfield a little north-east of Portisham
railway-station, was carried to a depth of over 300 feet in the
Kimeridge Clay. Several beds of bituminous shale were met
with, including a layer of "coal" 18 inches thick (perhaps the
equivalent of the Black-stone of Kimeridge), at a depth of 135
feet 6 inches.
South of Weymouth the Kimeridge Clay is exposed in low
cliffs by the railway, dipping gently towards Portland. It consists
of dark slaty shales, rusty in places, with selenite and numerous
bivalves and Ammonites ; and layers of white shelly matter occur
here, as in Kimeridge Bay and other places. There are two or
more bands of septaria, isolated oval masses, with shells. Towards
the base of the clay, thin reddish-brown ironstone layers occur, and
lower still a band (18 inches) of ironstone with nodules of pale
buff compact cement-stone. Ostrea deltoidea, Exogyra nana, and
Serpula intestinalis, are abundant. Corhula and Serpula variabilis
also occur. Here and there remnants of burnt shale may be
found, perhaps due to some " spontaneous " ignition of the shales.
(See p. 331.)
The clay forms the anchorage-ground at Portland, and lies at
the base of portions of the Chesil Beach. Patches of blue clay
have at times been observed when the beach has been scoured
away during violent storms.
Vale of Shaftesbury.
North of the Weymouth area the Kimeridge Clay is concealed
for some distance by the overlap of Cretaceous Rocks. It
reappears on the northern side of the Dorsetshire Downs to the
north-east of Oerne Abbas. It is, however, rarely exposed to any
depth in the vale that extends from Buckland Newton by
Gillingham to 1'isbury and Mere. The clay here forms an
undulating country with here and there gravelly patches, formed
of detritus from the Chalk and Greensand. Brickyards have
been opened at Gold Hill, near Child Okeford, and to the west
of Shaftesbury.t Those at Okeford Fitzpaine and near Iwerne
are in the Gault, as ascertained by Mr. Jukes-Browne. The
junction with the Coralllan Eocks is to be seen in a lane-cutting
near Hole west of Fiddle's Wood, south of Sturminster Newton,
and dark shales are exposed near Anger's Farm, on the high
road between Sturminster and Shilling Okeford.
The Kimeridge Clay is exposed in several of the railway-
cuttings east and west of Semley between Tisbury and Gillingham.
* Quart. .Joura. Geol. Soc, vol. xxxi. p. 213.
f See Fitton, Trans.
Geol. Soc, ser. 2, vol. iv. p. 256.
.
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West of Semley a cutting showed dark shales, grey on top, with
selenite and fragments of lignite. Thracia depressa was obtained
by Fitton, west of Shaftesbury, but few fossils have been recorded
from the district. To the west of Gillingham, Station a brick-
yard exposed about 10 feet of clay, bluish at the base and
weathering brown towards the snrtace. Septaria and shelly
cement-stones occur. Ferruginous and rotten specimens of Ostrea
deltoidea are not uncommon ; there also occur Belemnites, Modiola,
Pholadomya, Rhynchonella inconstans, Serpula, and Saurian bones.*
Remains of Ophthalmosaurus PleydeUi, described by Mr.
Lydekker, were obtained here. Red bricks, tiles, and drain-
pipes are manufactured.
Mere, Westhury, and Seend,
Between Mere and Westbury, where the Cretaceous Rocks
again overlap, there is no evidence of any exposure of Kimeridge
Clay—the tracts so shown on the Geological Survey Map near
Stourton and to the west of Penzlewood may be partly Oxford
Clay and partly Gault,t and that in Longleat Park is now
known from the observations of Mr. Jukes-Browne to be Gault.
At Westbury the bottom beds of the Kimeridge Clay, with
Ostrea deltoidea, rest on the Ironstone of the Upper Corallian
Series. (See p. 108.) Some Foraminifera were obtained from
specimens of clay collected by the Rev. H. H. Winwood.+
A boring for the Frome waterworks at Upper Whitborne,
south-east of Corsley, reached " dark sandy clay " at a depth of
200 feet 6 inches, and was carried in it to a further depth of 13 feet,
but no actual evidence of the age of this clay was obtained. In
lithological character this clay resembles the upper beds of
Kimeridge Clay of the neighbourhood of Potterne.
Immediately underlying the Lower Greensand, near the Iron-
works at Seend, there is a very tenacious grey clay, seen to a depth
of 3 feet.§ Mr. William Ounnington, in describing the Kimeridge
Clay at Seend, observed septaria bored by lithodomus shells of
the Lower Greensand, which rests unconformably on the Kimeridge
Clay. He noted the occurrence of Ostrea deltoidea, and various
Ammonites, as well as Saurian remains in this clay. || The deltoid
oyster was originally found in the cnnal-cutting near Seend by
William Smith. Ilere we have only the lower portion of the
Kimeridge Clay. Dark blue clay with septaria wns exposed In a
brickyard north of Coulston. The only fossils found were
Foraminifera, obtained by Prof. Rupert Jones and Mr. Sherborn
from specimens of the clay forwarded to them.lT The clay belongs
to the Upper Kimeridge Clay, and this portion of the formation
was shown in brickyards south-east of Worton and between
* Some speoimeha from this locality arc preserved in the Museum of the Sherborne
Grammar School.
t See also Fitton, Trans. Geol. Soc. ser. 2, vol. iv. p. 257.
i .Tones and Sherborn, Geol. Mag. 1886, p. 272.
§ No microzoa were found in samples of this clay which I sent to Prof. Jones, see
Jones and Sherborn, Geol. Mag., 1886, p. 272.
II
Quart. Journ. Geol. Soc, vol. vi. p. 453.
ir Op. oit., p. 272.
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Potterne and Dues Water. At the "Worton brickyard' about 15
feet of slaty-grey loam was overlaid by bluish-grey loamy clay,
with ferruginous and sandy layers near the top. The brickyard
south of Potterne showed about 23 feet of blue sandy and slightly
calcareous clay with fragile shells, Exogyra, Ostrea, &c. In this
neighbourhood we come upon the passage-beds which lead upwards
into the Portland formation.
Cable, Wbotton Bassett, and Swindon,
At Rowde, north-west of Devizes, the Kimeridge Clay is again
overlapped by Cretaceous deposits, but it reappears near Calne
and forms a belt at the foot of the North Wiltshire Downs. Prof.
Blake has recorded a number of fossils from the deep railway-
cutting between Wootton Bassett and Swindon. Among these
fossils were Ammonites decipiens, Thracia depressa, Rhynchonella
inconstans, &c.* Sections unfortunately are scarce until we come
to Swindon, where the beds have been extensively worked for
brickmaking.
Prof. Hull remarks that in this area " towards the top, nodules
of argillaceous limestone occur in layers, as well as sandy marl-
stone with Ammonites hiplex, in which the nacreous lustre is well
preserved."t
A Avell-boring at the Beaufort Brewery, Wootton Bassett,
proved a thickness of 84 feet of Kimeridge (Hay before the
Corallian rocks were reached. Some fossils obtained from the
boring, forwarded for examination by Mr. Howard Horsell, were
identified by Mr. G. Sharman, as follows : Ammonites mutahilis,
Inocernmus, Ostrea deltoidea, O. Iceviuscula, and Pholadomya
laviuscula.
The total thickness of the Kimeridge Clay near Swindon was
estimated at 300 feet by Prof. rTull,J and I think this estimate
may be considered as approximately correct. There and at
Bourton to the north-east we have the Portland Beds on top in
conformable succession, and thus the Kimeridge Clay is less than
one-third of the thicknesa it attains in Dorsetshire.
,
Along the Midland and South-Western Junction Railway, to
the south-west of North Lanes, a cutting showed brown and
grey clay with septaria, yielding many specimens of Ostrea
deltoidea, also Exogyra virgula, E. nana, and Serpula tricarinata.
Above the Kimeridge Clay there was in places, a thin gravelly
soil, with chalk-flints and oolitic detritus. Further north there
was a shallow cutting in clay, with a clayey soil, containing
flmts.
The upper and, perhaps, portions of the lower beds of the
Kimeridge Clay are shown at the Swindon brick and tile-yards,
north of Old Swindon. There we see a thickness of about
25 feet of blue shaly clay, racy near the top, with septaria and
selenite. Many large iridescent Ammonites occur, as at Brill
and Market Rasen. Remains of Ichthyosaurus, Cetiosaurus, and
* Quart. Journ. Geol. Soc, vol. xxxi.-pp. 212, 215 ; see also p. 200.
t Geol., parts of Wilts, &c., p. 1!3.
j Explan. Hor. See., Sheet 59, p. 2.
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Omosaurus have been obtained, and Mr. Rhodes and myself
collected many of the following fossils, some of which have also
been recorded by Prof. Blake :—
Exogyra nana.
virgnla.
Ostrea deltoidea.
Thraoia depressa.
Trigonia.
Ajmnonites biplex.
Aptychus latus.
Dentalium Qnenstedti.
Astarte ovata.
supracorallina.
Cardium striatalum.
The remains of Omosaurus were obtained in 1874 through
Mr. J. K. Shopland, and were described by Sir E. Owen.t The
humerus of this Dinosaur measured 2 feet 9 inches in length.
In the deep well at Swindon, made by the Great Western
Railway Co. at the western end of their works, the following beds
of Kimeridge Clay were proved :
—
J
I'x. In.
Made ground - - - - 8
'Bluish-grey clay, with Ammonites, Belem-
nites, &c. - - - - - 42
Pale grey shelly limestone, with Ostrea
KimeridgeJ deltoidea • • - - - 1
Clay.
I
Grey and brown earthy limestone, with
I
patches of iron-shot grains - - 6
I Hard brown calcareous muddy clay - 2
[_Bluish-grey shelly clay - - - 19 6
Mr. E. T. Newton states that from 8 feet to 72 feet, Kimeridge Clay
was passed through, but only a few fossils were collected ; thus between
10 feet and 16 feet Rhynchonella inconstans, Ammonites cordatus, and
Ostrea deltoidea, were noticed ; at 45 feet Astarte and Thracia depressa,
and from 45 feet to 52 feet Beleninites were met with.
The earthy limestone-bed with iron-shot grains, between 50 feet and
60J feet, yielded the following fossils (see p. 118) :
—
Ammonites cordatus, var. ex- Myacites recurvus.
cavatus (= A. serratus). Ostrea deltoidea.
rotundus. Pecten lens ?
varioostatus. Perna.
Astarte. Pholadomya protei ?
The occurrence of .4w. cordatus is noteworthy ; it is, howeyer, recorded
from the Lower Kimeridge Clay of Yorkshire.
§
Further reference to well-borings at Swindon is made in the chapter on
"Water-supply (p. 336).
Faringdon to Abingdon afid Culham.
In Oxfordshire and Berkshire the following succession may be
traced in the Kimeridge Clay :-
Bluish-grey clay, with §arthy
limestone nodules and septaria,
merging upwards into sandy clay
of tlie Portlandian Beds (Hart-
well Clay, &o.) about 40 feet.
Clays and shales,
•about 60 fefet.
with septaria,
Ammonites biplex.
Astarte hartwellensia.
Cardium striatulum.
Perna.
Thracia depressa.
Discina humphriesiana.
''Aptyohus latus.
Astarte lineata.
. Exogyra virgnla.
j Lingula oyalis.
I
Ostrea deltoidea.
LEhynchonella inconstans.
* Quart. Joum. Geol. Soc, vol. xxxi. p. 211 ; see also J. Buckman, Ibid., toI. xiv.
p. 127.
t Mesozoic Eeptilia (Palaeontogr. Soc), Part 2, p. 45.
j Quart. Journ. Geol. Soc, vol. xlii. pp. 288, 291.
f Blake, Ibid., vol. xxxi. p. 218 ; Pox-Strangways, Jurassic Eocks of Yorkshire,
vol. ii. p. 238.
166 UPPER OOLITIC EOCKS OP ENGLAND :
Near Woolstone, south of Faringdon, Prof. Hull reckoned that
flie Kimeridge Clay had a thickness of nearly 300 feet ;* but in
the neighbourhood of Oxford the thickness does not exceed
100 feet.
The base of the Kimeridge Qlay has been exposed in a brickyard
east of Faringdon, but we have few records of the strata in the area
extending by Stanford-in-the-Vale, Denchworth, and Draytoif to
Abingdon.
At Cumner, where the Lower Greensand rests unconformably
on the Kimeridge Clay, the thickness of the Clay was estimated
al 70 or 80 feet by Prof. Prestwich. At the Chawley brickyard
north of Cumner Hurst, the following section was to be seen, the,
details of the lower beds, which were not exposed at the time of
my visit, and the lists of fossils, being given on the authority of
Prof. Prestwich :
—
Ft. In.
Lower Coarse brown false-bedded quartzose
Greensand. sand, with concretionary ironstone - 12
"Pale grey sandy clay - - - 2
Dark bluisli-grey slightly calcareoua
clay, with greenish sandy seams,
nodules of earthy limestone, and
large sejptaria with Ammonites hvplex
and lignite - - - - 18
Clay, with band of fossils, yielding
" Plesiosaurus," Am. hvplex, Pleuro-
tmnaria reUculata, Astarts, Cardium
striatulum, Lima, Modiola hwa/rtita,
Myacites recurvus, Pecten mtescens,
Perna mytiloides, Pinna laneeolata,
Thraeia depressa, Trigonia, and
Serpula tetragona - • - 14
Seam of clay laminated with white
sand (Igiianodon-bed) , with Oanvpto-
saurus (Iguanodon) Prestwichi, Ap-
tyehus latus, Pleurotoma/ria, Asta/rte,
Exogyra iivrgula (abundant) Trigonia,
Lingula ovcdis - - - 3
Clay with large septaria, with iJoio-
sav/rus, Ichihyosa/wnis, PliosoMriis, ,
Astqrte [Lucina) Uneata - - 4
The discovery of Iguanodon was announced in 1879 by Prof.
Prestwich, and it was thought that the entire skeleton was
probably present. The species (vas named by J. W. Hulke, and it
was considered to be the earliest record of the genus : it is now
regarded as Camptosaurus.
Prof. Prestwich has observed in reference to the Kimeridge
Clay near Oxford, " The presence of drifted wood and of the
Iguanodon in the Kimeridge Clay of this district, and of large
Dinosaurs at Swindon, together with the great thinning of this
formation as it trends to the south-west, render it probable that
land in that direction was not far distant, and that that land may
have been the same as that of the proximity, of which we have
more distant evidence in the many quartz, slate, and metamorphic
rock-pebbles present in the Lower Greensand of Faringdon, a
Kimeridge
Clay.
Explan. of Hor. Sec, Sheet 72, p. 7.
KIMERIDGE CLAY: ABINGDON. 167
deposit evidently formed near an old shore. This land, since
submerged and covered by upper Cretaceous strata, was in all
probability the prolongation of the old axis of the Mendip and
Ardennes, the elevation of which took place in Permian or
Triasskj times."* It seems to me that the present state of the
evidence indicates land to the south, south-east, and east, rather
than to the south-west.
In the brickyard east of Culham, and south-east of Abingdon
we have a section which shows some of the higher beds of the
Kimeridge Clay. The section was as follows :
—
^ Ft. In.
V alley gravel.
rCrrey marly and shaly clay with
1 ferruginous stains, passing down
Gault - - { into sandy oalcareons clay, with
I
pebbles of quartz, &c., and small
I phosphatic nodules - - 24
fIrregular band of greenish grey earthy
'. limesbone - - - 3 to 6
Kimeridge J Grey or greenish-grey sandyand slightly
Clay. "S calcareous loam, passing down into
I
darker sandy clay; with Oardmm__
[ striatukim - - - - 9
The sandy basement-bed of the Gault was originally grouped as Lower
Greensand.
Prof. Phillips mentions that the Kimeridge Clay had been exposed to
a depth of about 23 feet, and that it contained a zone of Ammonites, and
brown nodules with crystals of bisulphide of zinc in the cracks.f
The fossils recorded from Culham include besides Saurian and Fish-
remains the following species :
—
Ammonites biplex. I Thracia depressa.
triplicatus. r Perna.
Astarte hartwellensis. Pinna granulata.
Cardium striatnlum. Discina hnmphriesiana.
CuoullEea.
|
PhilHps remarked that " the shells of Aylesbury being abundant,
we may infer that it is the upper part of the Kimeridge Clay
which is here seen"; while in reference to the band of sandy
calcareous rock he regarded it as " really a sandy cap of the
Kimeridge Clay
—
perhaps the stage of a change towards the
Portland series, but still to be classed with the clay." (See also
p. 217.) JFrom this band lie recorded the following fossils :
—
Pecten arcuatus.Ammonites (c/.) polyplocus.
Cardium striatnlum.
Oorbula.
TTiracia depressa.
At Sandford according to Mr. E. S. Cobbokl "a peculiar,
bright red, earthy layer from 4 to 6 inches thick " occurred at
the junction of the Kimeridge Clay with the Coraliian Beds. In
the clay he obtained vertebris of Pliosaurus, good specimens of
Rhynchonella inconstans, and numerous crystals of selenite.J
* Quart. Journ. Geol. Soc, vol. xxxvi. pp. 431, 432 ; Proc. Geol. Assoc, vol. vi.
p. 343; see also E. S. Cobbold, Quart. Joum. Geol. Soc, vol. xxxvi. p. 319 ; and
H.B.W., Ibid., vol. xlii. p. 307.
f Quart. Journ. Geol. Soc, vol. xvi. p. 310, and Geol. Oxford, &c., p. 427 ; see
also Hull, Geol., parts of Oxfordshire and Berks, p. 9.
J Quart, Joum. Geol. Soc, vol. xxxvi. p. 318.
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Shotover Hill.
The brickyards on the western side of Shotover Hill, near
Headington, show the Kimeridge Olay resting on- the Corallian-
rocks and overlaid by Portland Beds. The thickness of tBe clay
was estimated at 100 feet by Prof. Phillips, but only about
30 feet of the clay is exposed, and it may not be much more than
70 feet thick.
It consists of bluish-grey and dark blue shaly clay, weathering
brown at the top, with lignite and with a few layers of septaria
and much selenite. (See p. 151.) Prof. Phillips notes that about
15 feet from the base there is a septarian band yielding Rhyn-
chonella inconstans, &c. ; lower down there are layers of Ostrea
deltoidea, and beneath Thracia depressa and Exogyra virgula are
found fairl/ abundant. At the base coprolites were first noticed
by the Rev. H. Jelly.* These may help in tracing the base of
the Kimeridge Olay northwards, where it rests on Oxford Clay
without theantervention of any Gorallian stone-beds; As noted
by T. Roberts in the Cambridge area, the base o£ the Kimeridge
Olay yields coproHtes which assist in determining the boundaries
o£ the strata. (See p. 170.)
Sowerby figures Ostrea deltoidea from this locality, remarking
that the fossils were known as " Heddington (Headington)
Oysters."
, In addition to various Saurian remains, the following fossils
have been recorded from the Kimeridge Clay of Shotover Hill :
—
Asteracanthus ornatissimus.
Hybodus acutus.
Iscliyodus Egertoni.
Lepidotus maximus.
Ammonites biplex.
Bclemnites abbreviatus var.
excentricus.
Aptyclitis (Trigonellites).
Pleurotomaria reticulata.
Astarte ovata.
Uzogyra virgula.
Ostrea deltoidea.
Thracia depressa.
Disoina latissima.
Ehynohonella inconstans.
Serpula.
Prof. Phillips records Behmnites " explanatus " from the upper
part of the Kimeridge Olay at Waterstock, near Thame, and
Wheatley near Oxford, as well as from the Hartwell Olay.f The
species is now regarded as B. nitidus.
Brill and Aylesbury.
The Kimeridge Clay has been exposed in a brickyard, by the
high road, between Waterstock and Great Milton, and it was
again shown in a brickyard south of Long Orendon.
At the brickyard north-west of Brill, clays are dug beneath
the Portland Beds and numerous iridescent fossils, like those of
Market liasen, are obtained. The beds may be compared with
* Buokland, Trans. Geol. Soc, ser. 2. vol. Hi. p. 232 ; see also Fitton, Ibid., vol. iv.
p. 278 ; Phillips, Geol. Oxford, &o., pp. 329, 413, and Quart. Journ. Geol. SOc^
Tol. xiv. p. 238 ; and Hull, Geol. parts of Oxfordshire and Berkshire, p. 10.
t British Belemnites, 1865, p, 128.
Ammonites biplex.
Astarte hartwellensis.
Cardium striatulum.
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those seen at Culham. Prof. Green has recorded the following
fossils :—
*
Pinna granulata.
Thracia.
Lingula ovalis.
Near Aylesbury the Kimerldge Clay appears to merge
gradually upwards into a clay containing Portlandian fossils, and
known as the Hartwell Clay. On the Geological Survey Maps
this clay is naturally included with the Kimeridge Clay ; but as
the fossils seem to indicate an horizon higher than is represented
in the Kimeridge Clay of Kimeridge, the Hartwell Clay is
considered in the Chapter that describes the Portland Beds. It
is not possible, however, to be consistent in all our dealings with
these formations, without detailed and long-continued hunting for
fossils.
Thus in the brickyard at Whitchurch, we find sandy grey and
bluish-grey clay : a " mild earth " well adapted for brickmaking,
and fine red bricks and drain-pipes are manufactured. The beds
worked appear to be the same as at Brill, but they may include
representatives of the Hartwell Clay. Iridescent Ammonites,
Thracia, and other somewhat poorly preserved Lamellibranchs
were found, together with large bones of Saurians.
Prof. Green has noted the presence of Kimeridge Clay beneath
the Gault at Littleworth brickyard, north of Wing. The sections
have since been examined by Mr. Jukes-Browne who describes the
older clay as a stiff and dark blue deposit with large septaria and
lignite, and also Saurian remains, Ammonites biplex and Belemnites.
From the brickyard south of Stewkley the following fossils were
obtained from the Kimeridge Clay by Mr. Whitaker and they
were identified by Mr. Etheridge :
—
Ammonites.
Aptyohus.
Cardium striatulum.
Exogyra virgula.
Modiola.
Ostrea.
Stewkley to Cambridge.
From the neighbourhood of Stewkley north-eastwards we lose
sight of the Kimeridge Clay owing to the overlap of the Lower
Cretaceous strata.
Clays of Corallian age appear at Ampthill and at Tetworth to
the north-east of Sandy. From Great Gransden northwards
there have been found traces of the Kimeridge Clay at the base
of the Lower Greensand, and thence it outcrops persistently by
Knapwell and Oakington, and appears in, straggling "islands"
in the Fenland at Sutton, Ely, Barraway, Chatteris,- March,
Littleport, and Southrey.
At Knapwell there was formerly a section at a brickyard
which showed the Ampthill Clay with a capping of Kimeridge
Clay. The beds opened up consisted of about 15 feet of dark
* Geol. Banbury, p. 46.
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blue shaly clay, with fine crystals of selenite, and on top about
3 feet of clay with a layer of black phosphatic nodules at tlie
base of it. The fossils recorded by Messrs. Penning and Jukes-
Browne include the following:—
*
Ammonites biplex.
Belemnites abbreviatus.
Avicula echinata.
Exogyra nana.
Gryphaea dilatata.
Ostrea deltoidea (abundant).
gregaria.
Trigonia.
Serpula.
T. L'oberts, remarking on this section, considers the nodule-
bed to mark the base of the Kimeridge Clay ; and tlius many of
the fossils, including the Gryphma dilatata, come from the
Ampthill Clay below.t
Reference has already been made to the Kimeridge Clay at
Willingham (p. 147), and to the relations of the beds at Up-A-are
(p. 144).
Isle of Ely,
Further north we come to t!ie " Isle of Ely," an irregular mass
of Kimeridge Clay which rises through the alluvial flats, and is
capped by two outliers of Ijower Greensand, marked by the
towers of Ely Cathedral and the steeples of Wilburion arid Had-
denham ; and this " Inle " could in Norman times only be reached
by an artificial causeway across the marshes. J
The lower beds of the Kimeridge Clay were observed by
T. Roberts in a brick-pit half a mile west of Haddenliam railway-
station. This section was as follows :
—
Ft. In.
Soil 16
Ferruginous clays with some calcareous nodules - 6
Thin grey limestones, weathering white - - 1 3
Black tenacious clays, with few fossils - - 2
Grey nodular lim.estone, with Ammonites mm,tabilis,
and some gaateropods ... 09
Black clays, with Ostrea deltoidea, and, at base, black
phosphatic nodules ... - about 9
A number of fossils are recorded by Roberts, including Am-
monites biplex. South of Haddenliam station theie are two
brickynrds, showing black clays with selenite and septaria. From
these beds, which belong to "a somewhat higher horizon," Roberts
obtained Ammonites mutabilis, Astarte supracorallina, Exogyra
virgula, &c.§
The Kimeridge Clay has been well exposed north-east of Ely
in die large pit of Roslyn Hole, where about 30 feet of dark
shales and clays, in places bituminous and arenaceous, with thin
ochreous layers and bands of septaria, may be seen. A large
* Gool. Cambridge, p. 10.
t Jurassic Rocks of Canibridge, p. 42.
J Sedgwick, Eep. Brit. Assoc, for 1845, p. 44.
§ Jurassic Eooks of Camljridge, pp. 63-65.
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number of Saurians and Eish-remains have been obtained by Mr.
Marshall Fisher, of Ely, and these have been examined and named
by Mr. E. T. Newton. A full list of fossils is elsewhere pub-
lished. They show that both lower and upper portions of the
Knneridge Clay are present, for, among the Ammonites, there are
Ammonites alternans, A. biplex, A. eudoxus, A. longispinus, and
A. mutabilis. Among other fossils we may find Aptychus,
Astarte supracorallina, Cardium striatulutn, Exogyra virgula,
E. nana, Lucina minuscula, Ostrea deltoidea, Discina latissima,
Lingula ovalis, and Rhynchonella mconstans*
The strata of this district have, been studied in detail by
T. Eoberts, who notes in descending order the following local
zones or fossil-beds :
—
f
Ft. In.
Discina latissima
Exogyra virgula
Ammonites alternans
cm
-
. 1 1 1; n
-
- ./ -^^ "
- ."|
Astarte supracorallina - - [• 80
Ostrea deltoidea - -
-J
The full thickness of the Kimeridge Clay can nowhere be
ascertained in the district, as we have no indication of Port-
landian beds. The strata that can be assigned to the Upper
Kimeridge Clay do not appear to exceed 15 feet, and the Lower
Kimeridge Clay may be about 80 or 90 feet. Roberts has
approximately estimated the full local thickness of the clay at
142 feet, but this estimate appears excessive when compared with
his detailed observations and correlations.
{
Fenland and Norfolk,
Chatteris and March are situated on " islands " of Kimeridge
Clay, with coverings of Drift.
At March the occurrence of Ostrea deltoidea points to the lower
part of the Kimeridge Clay, and, as mentioned elsewhere, it is
probable that Corallian Clay has been reached in the brickyards
at this locality, where clay has been dug to a depth of 40 feet.§
At Littleport there is another "island "of Kimeridge Clay,
and Prof. Hughes has drawn attention to the occurrence in
the clay of subordinate bands of limestone. || The beds are
exposed in several brickyards near the village. Summarizing the
information which they furnish, T. Eoberts gives the following
section :
—If
* Geology of parts of Cambridgeshire and Suffolk, p. 18, see also J. F. Blake,
Qnart. Joura. Geol. Soc, vol. xxxi. p. 211, and T. Koberts, Ibid., vol. xlv. p. 558.
t Jurassic Rocks of Cambridge, p. 69.
J Ibid., p. 74.
§ Skertchly, Geol. Fenland, pp. 193, 268 ; Geol. S.W. Norfolk andN. Cambridge-
'
shire, p. 8; See also Hailstone., Ann. Phil., vol. v. 1815, p. 390.
II
Proo. Geol. Assoc, vol. viii. p. 401.
^ Jurassic Eocks of Cambridge, p. 73.
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Lower
' Black clay ...
Septarian nodule-bed -
Clays witli Astarte supracorallirm, &<i.
Argillaceous limestone
Black clays
Grey limestone
Kimeridffe <! ^^^'^^ ™'^ ^^^^^^ °^^^
"
Jlimenage-^ (jrev limestone
-
Clay Grey
•
Grey and black clays -
Calcareous nodules
Black clay
Grey compact limestone
Black clay
Limestone
about
about
Ft.
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mimiscula, and other fossils may be obtained. Formerly clay was
opened to a depth of 30 feet in one brickyard and a band bf
septaria farmed the floor. A well-boring at Downham Market,
after passing through 29 feet of Lower Greensand, was carried to
a depth of 187 feet in beds regarded as Kimeridge Clay.* Here
again, we have no means of telling the full thickness of the
formation.
Kimeridge Clay has been worked in a brickyard south-east of
Watlington and again at "West Winch, south of Lynn. An
interesting mass of the Clay has been worked at Fodderstone
Gap between Shouldham and South Euncton. The brickyard
showed 15 feet of dark blue shaly Kimeridge Clay and this was
proved in a well to be 50 feet thick and to overlie Lower Green-
sand. Hence, Mr. 0. Eeid, who has described the section,
remarks that " Clearly the mass of Kimeridge Clay is a huwe
boulder transported from the westward."!
The most northerly exposure of Kimeridge Clay in Norfolk is
between North and South Wootton, south-west of Castle Rising.
The occurrence of Kimeridge Clay on the foreshore at Hun-
stanton was mentioned by K 0. Taylor and others, but it is now
well known that the clay here is a band in the Lower Greensand,
which comes to the surface and is worked at Heacham brickyard,
as pointed out by Mr. Teall.J
In a well at Holkham, clay presumed to be Kimeridge Clay,
was touched at a depth of 743 feet, beneath the Cretaceous and
newer deposits. §
Lincolnshire,
Across the Fenland from Wisbech to Holbeach we have no
definite evidence of the course of the underground Jurassic strata.
At Boston a deep well (572 feet) after penetrating 24 feet of
Alluvium, and 166 feet of Boulder Clay, passed into the
Kimeridge Clay. This clay was penetrated for a depth, estimated
by Mr. Jukes-Browne at about 294 feet, beneath which there was
proved a further thickness of 88 feet of beds in or above the
Oxford Clay.
II
We have no fossil evidence from the district of Tattershall,
Coningsby, New Bolingbroke, &c. In this region the Jurassic
clay is for the most part covered with Alluvium or Boulder Clay.
On Eevesby Bank, south of Eevesby, blue clay was proved to a depth
of 124 feet In an unsuccessful boring for water. The Kimeridge
Clay has been worked to a depth of about 50 feet in a brickyard
west of Stickney church. It contains a layer of septaria and " large
* Whitaker, Geol. S. W. Norfolk, &c., pp. 8, 157.
t Ibid., p. 63.
X Potton and Wicken Phosphatic Deposits, 1875, p. 17 ; see also Rose, Phil. Mag.
ser. ill. vol. vii. p. 176, and Fitton, Trans. Geol. Soc. ser. 2. vol. iv. p. 316.
§ H.B.W., Geol. Fakenham, &c., p. 51.
II
Quart. Journ. Geol. Soc. vol. xxxv. p. 420 ; see also G. Naylor, Phil. Trans,
vol. Ixxvii. p. 50.
174 UPPEB OOLITIO ROCKS OF EKGLAND :
smooth Ammonites." The clay has also been dug south of
Hagnaby Corner, to the west of Stickford.*
Northwards in the area between Bolingbroke, Spilsby, and
FuUetby, there is evidence of dark shaly and bituminous clay and
paper-shales with occasional thin calcareous bands. Near Spilsby
wells have been sunk into the clay to depths of about SO feet in
search of water, but without success—the thickness of the
Kimeridge Clay being estimated at 300 feet by Mr. Jukes-
Browne.
Phosphatic nodules have been observed sparingly in the clay at
Halton Holegate and Raithby, and their occurrence is note-
worthy.
Saurian remains have been found near West Keal, and other
fossils have been obtained by Mr. J. Rhodes from the paper-
shales exposed in the banks of the river Steeping, soutli-west of
Ashby near Spilsby, and in n pit north-west of Salmonby.
These include Avimmiites, Astarte, Discina latissima, and Lingula
ovalis.'f
In a brickyard west of Fulletby, about 15 feet of paper-shales,
with a band of cement-stone, were exposed, and there Prof J. F.
Blake obtained the following fossils :
—
J
Ammonites biplex. I Oardium striatulum.
Aptychus biplex. G-ervillia tetragona.
Belemnoteuthis. Luoina minusoula.
Troolitis retrorsus. Ostrea gibbosa.
Dentalium Quenstedti. Pecten lens.
Astarte lineata. Discina latissima.
Avioula vellioata. I
In these localities we have the Upper beds of the Kimeridge
Clay.
A well sunk at Burgh reached Kimeridge Clay at a depth of
58 feet, and another at Driby reached it at 321 feet, and that at
Skegness proved it at a depth of 363 feet.§
A brickyard (now abandoned) between Stixwould and Woodhall
Spa showed about 14 feet of dark blue clay with septaria, and
Ostrea deltoidea. \\ The bore-hole at Woodhall Spa, after passing
through 10 feet of gravel and Boulder Clay, penetrated 350
feet of clay assigned by Mr. Jukes-Browne to Kimeridge and
Oxford Clays, beneath which there were Kellaways Beds and other
strata.lF
From Campney, south-west of Bucknall, Mr. Jukes-Browne
records Ammonites miitabilis, A. plicatilis, and A. rotundus.**
In these localities we have the Lower Kimeridge Clay which
rest^ on the local equivalent of the Ampthill Clay. (See p. 1 48.)
* Jukes-Browne, Geol. S.W. Linuolnshire, p. 73.
.
t Jukes-Bro-vvne, Geol. E.
Lincolnshire, pp. 9-11.
I Quart. Journ. Geol. Soc., vol. xxxi. p. 201 ; Jukes-Browne, Geol. E. Line,
. 12.
S A. Strahan, Geol. E. Lincolnshire, p. 168.
II
Geol. Lincoln, p. 79 ; J. F. Blake. Quart. Journ. Geol. Soc, vol. xxxi. p. 310.
• k Geol. Lincoln, p 208 ; and Memoir on Lower Oolitic Eoclis of England, p. 515.
** Geol. Lincoln, p. 79.
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!North of Horncastle, brickyards have been oi^ened on both sides
of the river Bain, that on the west is now abandoned. Clays with
fine septaria occur here, and among the fossils that have been
recorded are Ammonites hiplex, A. mutabilis, Astarte supracorallina,
Cardium striaMum, Thracia depressa, and Lingula ovalis*
These beds belong to the Lower Kimeridge Clay.
The brickyard north-east of "West Ashby showed shaly clay
with septaria. Here Saurian bones occur, and I obtained
Ammonites biple.v and Lucina minuscula. The same species
together with Discina latissima &xe recorded by Prof. Blake from
Goulsby. In the brickyard south-east of South Willingham
railway-station the shales are bituminous (see p. 328), and contain
large septaria 5 or 6 feet across ; here also Saurian bones and
Ammonites may be found. These beds all belong to the Upper
Kimeridge Clay, and we have a record of 309 feet of Kimeridge
Clay in the boring at Donnington-upon Bain. (See p. 328.)
This passed through clays, cement-stones, and bituminous shales.f
At Baumber, Hatton, and near Wragby the Lower Kimerido-e
Clay has yielded the following among other fossils :
—
%
Ammonites alternans
Berryeri.
biplex.
cordatus var. excaratus.
mutabilis.
decipiens.
Ammonites rotundiis.
triplicatus.
Belemnites abbreviatus.
Plenrotomaria reticulata.
Cardium striatulum.
Thracia depressa.
Market Easen is a locality famous for the many fossils obtained,
including beautiful iridescent and pyritic Ammonites. The brick-
yard east of the town, on the road to North Willingham, showed
the following section :
—
§
jfi. lu. j^j, j^.
Drift.
_
i'alse-bedded sand - - - . - 6 to 8 6
'Bluish-grey slightly micaceous clay •with"!
small nodules of argillaceous limestone, V J2 to 16
pyrites, &c. - - - - - j
Layer of slightly calcareous grit, in imper- \ n /i t n k
sistent masses - - - .j- I.' 4to U 5
[_Dark clay.
The following species have been recorded from Market Rasen:
— 1|
Lower
Kimeridge<
Clay.
Ammonites alternans.
Berryeri.
cymodoce.
decipiens.
mutabilis.
rotundus.
Belemnites nitidua.
Area longipunctata.
Astarte ovata.
supracorallina.
Cardium striatulum.
Exogyra nana.
X Gryphsea.
X Inoceramus rasenensis.
Lucina minuscula.
X Nucula Menkei.
Ostrea deltoidea (rare).
gibbosa.
Pecten demissus.
Pholadomya sequalis.
X Thracia depressa.
X Trigonia juddiana.
Lingula ovalis (rare).
* J. F. Blake, Quart. Journ. Geol. Soc, vol. xxxi. p. 205. See also Judd, Ibid.
vol. xxlv. p. 240.
t E. Bogg, Trans. Geol. Soc, vol. iii. p. 396 ; Conybeare and Phillips, Geol.
England and Wales, p. 1 94.
% Strahan in Geology of Lincoln, p. 80 ; Blake, op. cit. p. 208 ; Roberts, Quart.
.Joum. Geol. Soc, vol. ^v. p. 553. *.
§ See also A. Strahan, Geol Lincoln, p. 80.
II
J. F. Blake, Quart. Journ. Geol. Soc, vol. xxxi. p. 207 ; those marked x were
obtained by myself.
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A number of Gasteropods have been recorded. The ocoui-rence
here and elsewhere o? Ammonites Berryeri is interesting, as that
species occurs in the Corallian iron-ore of Westbury. (See p. 109.)
The occurrence of dark shales with Ammonites biplex and Ostrea
deltoidea was noted by Mr. Strahan in a pit north of Claxby.*
From a brickyard on Claxby Moor, Mr. Ussher records
Ammonites 7-otundus, and from another brickyard at Holton-le-
Moor, he obtained the same species, together with A. plicatilis,
Thracia depressa, fecf Roberts notes Ammonites decipiens and
other fossils from Holton-le-Moor,} showing that along this line
occurs the junction of Corallian and Kimeridge Clays.
At a clay-pit on Moortown Hill the following species were
obtained by Mr. Ussher :
—
Ammonites rotundus.
(near to) cymodoce.
Alaria trifida.
Area longipunctata.
Avioula ins9quivalvis.
Ostrea deltoidea.
Pecten lens.
Serpula totragona.
A similar assemblage, includinij- Corhula, Modiola bipartita^ and
Opis, was obtained at North Kelsey brickyard ; and Roberts records
other species. Ammonites plicatilis, A. acJdlles, Belemnites
ahbreviatus, Gardium sti'iatulum, Thracia depressa, Astarte
supracorallina, &c.
At Nettleton, south of Caistor Ammonites biplex, A, plicatilis,
Lucina, and some other fossils were obtained by Mr. Rhodes.§
In the railway-cuttings north-east of Wrawby, clays of Corallian
age, and overlying Kimeridge Clay, have been observed. Ammo-
nites alternans, A. rotundus, Ostrea deltoidea, Exogyra virgula and
other fossils indicative of the lower beds are recorded by Mr.
Ussher ; he also mentions A. biplex ; and Prof. Blake records this
specie.s, Astarte supracorallina, and other fossils.
||
In the brickyard south of Worlaby Ammonites rotundus and
Thracia depressa were found by Mr. Ussher, and to these Roberts
has iidded Am. decipiens, Cerithium forticostatum, Pholadomya
acuticosta, Ostrea yibbosa,' and Serpula intestinalis.'^
Further north the Kimeridge Clay is but litde exposed,
although it has been mapped along the base of the Cretaceous
escarpment to South Ferriby on the shore of the Humber. It is
not only in part concealed beneath the Cretaceous covering, but
obscured by various Drifts, and along the escarpment itself by
debris that has accumulated on the slope. Hence it is by no
means certain that Corallian clay, or even Oxford Clay may not
be present along the base of the cliffs between Saxby and South
Ferriby.
The general evidence obtained by the fossils points to consider-
able unconformity between the Kimeridge Clay and overlying
* Geol. Lincoln, p. 81 ; see also H. Keeping, Quart. Journ. Geol. Soc, vol. xxxviii.
p 240.
f Ussher, Geol. N. Lincolnshire, pp. 100-105.
J Quart. Journ. Geol. Soc, vol. xlv. p. 552.
§ See also Dikes and Lee, Mag. Nat. Hist., ser. 2, vol. i. 1837, p. 566.
II
Quart. Journ. Geol. Soc, vol. xxxi. p. 207.
t Ibid., vol. xlv. p. 552.
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strata. Judging by this evidence we might infer that the Spilsby
Sandstone, and overlying Cretaceous Beds extend directly on to
the Lower Kiojeridge Olay in the neighbourhood of Caistor. The
dark bituminous clays proved in the shaft sunk at the Acre House
Mine, north of Claxby, probably belong to the Upper Kimeridge
Beds, while some of the fossils obtained at Nettleton and certainly,
those of Worlaby are Lower Kimeridge. The unconformity of the
tipper Cretaceous Beds over the Lower Cretaceous or Neocomian
Beds has been shown by Mr. Strahan ; and as representatives of
the Spilsby Sandstone occur as far north as Elsham, there can be
no doubt of its unconformable relations with the Kimeridge Clay,
a.view to which he has been led from the evidence furnished by
the nodule-band at the base of the Spilsby Sandstone.* Further
reference is made to this subject in a later Chapter (p. 290).
Sussex and Kent.
In the Sub-Wealden Boring a considerable thickness of the
Kimeridge Clay was penetrated ; and this has been estimated at
from 1,273 feet to as much as 1,512 feet. There being a passage
fi:om the Corallian Beds below, upwards through the Kimeridge
Clay info the Portlandian strata above, we are by no means sure
of the limits, but the lesser estimate appears better to coincide
with the palseontological evidence. (See detailed section, p. 346.)
The fossils were identified by Mr. E., Etheridge, and the
following may be mentioned with the depths at which they were
found :
—
t
Ft. Ft.
Ammonites biplex -
Oallisto
mutabilis
orthocera
Astarte supracorallina
Cardium striatulum -
Exogyra nana
virgula -
Lucina minuscula
Ostrea deltoidea
Ph-oladidea compressa
Thracia depresaa
Discina latissima
Lingnla ovalia
275 to 1,083
668 to 1,565
379 to 1,562
1,039
409 to 926
409 to 1,634
278 to 938
934 to 1,634
810 to 960
280 to 1,423
526
284 to 1,634
287 to 1,411
267 to 1,390
The range here assigned to Ostrea deltoidea is remarkable since
elsewhere it is found mainly in the lower portions of the Kimeridge
Clay and the Upper Corallian Beds.
Moreover, the occurrence of beds of sandstone in the Kimeridge
Olay is unusual. That obtained from depths of 1,121, 1,139,
1,140, and 1,360 feet, is hard and quarlzose, and occasionally conr
cretionary sandstone, unknown elsewhere in this country to form
such thick masses in the Kimeridge Clay. Sands, grits, and
* Quart. Joum. Geol. See, vol. xlii. pp . 486, 488.
t Dixon's Geol. Sussex, Ed. 2, p. 159.
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limestones however occur in the Kimeridgian Beds of Sutherland
and Cromarty, of Dover, and of the BoiSonnais.* Much of the
shale in Sussex, down to depths of 1,000 feet, is shelly and
presents the ordinary characters of Kimeridge Clay.
In the Dover boring (see p. 343) a thickness of only 73 feet is
assigned to the Kimeridge Beds. It is clear that the limit cannot
be taken lower, for undoubted Oorallian fossils are met with in the
oolites below. Moreover, a bed of brown oolitic ironstone 12
feet thick, and resembling that of Abbotsbury and Westbury,
is placed in the Kimeridge group (see p 150.). Oolitic limestones,
however, are known to occur in the Kimeridge Beds of the north-
yi&si of Germany,! and hard bands of rock similarly occur in the
Boulonnais as already mentioned.
* See Barrois and others, Proc. Geol. Assoc, vol. vi. p. L
t H. Credner, TJeber die Gliederung der oberen Juraformation und der Wealden-
Bildung, 1863 ; and J. F. Blake, Quart. Journ. Geol. Soc, vol. xxxvii. p. 497.
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CHAPTER X.
PoKTLAND Beds,
(portlandian.)
General Account of the Strata.
These beds fake their name from the Island of Portland, where
the stone has been extensively worked during the past two
hundred years. The term '"'Portland Lime" was used by
Michell in his table of strata 1788, while the name Portland
Oolite was more definitely employed by Webster in 1812.*
The Portland Beds, like the Corallian rock-beds, comprise a
very variable set of strata. In the upper part they include shelly
limestones, oolite, clialky and compact limestones ; with locally
layers and nodules of chert, and some beds of sand and calcareous
sandstone. The chert, which is well developed in Dorsetshire,
becomes more prominent towards the base of the stone-beds, but
nodules of black chert, resembling chalk-flints, occur in higher
beds of chalky limestone.
The lower beds comprise alternations of yellow and greenish-
grey sands, sometimes glauconitic, with loamy beds and clays.
Here and there layers of sandy and clayey limestone occur, as
well as nodules and large doggers of calcareous sandstone. The
interbedded and associated clays are of considerable local interest
as at Swindon and Hartwell. To the lower division, which is
well seen in Portland and the Island of Purbeck, Fitton
in 1827 gave the name of Portland Sandf; and at the same time
he recognized its intimate connexion with the beds above and
below. Thus the junction of the Kimeridge Clay and Portland
Sands is transitional, the blue colour of the clay being repeated
in the dark shaly sandstones and loamy sands of the beds above,
as is the case with the Upper Lias clay and Midfcird Sands.
As remarked by Mr. Whilaker, the division into Portland
Sand and Portland Stone does not hold good e\ erywhere.J Some
confusion arose at Swindon where the Portland Stone consists
very largely of sands, but here and also at Aylesbury the base
of the Portland Stone is marked by a conglomeratic layer that
contains small- pebbles of lydite, and also phosphatized fossils.
Thus locally we have indications of a pause in deposition accom-
panied perhaps by some reconstruction and irregular overlap.
The proximity of land suggested by*pebbly layers, as noticed in
the Corallian Beds of Berkshire, &c., is therefore again indicated.
* EnglefleM's Isle of Wight, p. 187.
t Trans. Geol. Soc, ser. S, -vol. iv. pp. 206, 210.
i Green, Geology of Banbury, p. 48.
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The Portland Sands show that conditions of sballoweT water
succeeded to those of the Kimeridge Olaj, land probably
appearing in the east or south-east. The Portland Stone, made
up of calcareous mud with sandy beds, rolled fragments of
organic remains and oolite grains, is again a comparatively
shallow-water marine deposit.
Estimates of the thickness of the Lower Portland Beds vary
for it is impossible to fix a definite plane ol" demarcation between
them and the Kimeridge Clay. In Dorsetshire the estimates by
different geologists vary from 80 feet to nearly 280 feet. In my
own opinion an estimate of from 130 to 170 feet would
be sufficient. The Upper Portland Beds in the Isle of Purbeck
attain a thickness of about 120 feet, and at Portland about 100
feet. The entire formation in the Yale of Wardour and at
Swindon is about 100 feet.
Doubtless there is some inconvenience in a term like Portland
Sands, when it includes prominent beds of clay, like those of
Swindon and Hartwell, and especially when, as at Swindon, the
Portland Stone division consists largely of sand.
With a view to dispose of this incongruity Prof. Blake in 1881
suggested a new grouping of the beds, based essentially on that
adopted in the Boulonnais.* There the Portlandian beds have
been separated into three divisions, of which the Middle Port-
landian is in the main equivalent to our Portland Sands, while the
Lower Portlandian takes in a portion of our Kimeridge Clay
—
beds with Discina latissima and Astarte su-prajurensis. Prof.
Blake introduces the term Bolouian for the Lower and Middle
Portlandian Beds, while he applies the name Portlandian not
only to Portland Stone but also to the Purbeck Beds.
Against this reaiTangement I have ventured, from a strati-
graphical point of view, to protest.f We must not forget that the
names Kimeridge Clay, Portland and Purbeck Beds, are derived
from strata in this country, and it therefore seems hardly fair
or right to modify their limits to suit the stratigraphical changes
met with elsewhere.
Prof. Blake admits that the lower limit of his Bolonian must
in this country be drawn in the midst of clays, where some intro-
duction of new species commences ; but he adds : " This takes
place at no very well-defined line ; so that the limit must
remain open." In commenting on this subjecl, Mr. Hudleston
said he could not agree with Prof. Blake in absorbing this upper
part of the Kimeridge Clay into his "Bolonian."t
As the term Bolonian is no universal remedy fer the diflSculties
of Portlandian classification, it seems best to adhere to the strati-
graphical divisions found in this country, and to adopt the
following grouping :— *
* Quart. Journ. Geol. Soc.,vol. xxxvii. pp. 567, 580, 584. See also vol. xxxvi,
p, 196, where the name " Boulognian " is introduced (1880).
t Geol. Mag., 1888, p. 469.
J Quart. Journ. Geol. Soc, vol. xxxvii. p. 587. Bononia is the Latin name of
Boulogne.
&
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Purbeck Beds.
Upper Portland Beds -( Portland, Tisbury, and
\_ bwmdon btones.
Lower Portland Beds J Portland Sand Swindon
\_ and Hartwell (Jlays.
Kinieridge Clay.
By employing the terms Upper and Lower Portland Beds we
get over the awkwardness of calling the Swindon Clay and
Hartwell Clay « Portland Sands."
"With regard to the Lower Portland Beds, they shade downwards
into the Kimeridge Clay, and in many respects their fossils are
closely connected. In fact, the Portland Sands bear much the
same relation to the Kimeridge Clay below, as do the Kellaways
Eock to the Oxford Clay, and the Midford Sand or Midford Beds
to the Upper Lias Clay, If Portlandian conditions commenced
earlier in France than they did in this country, that seems no
reason for modifying our nomenclature, for calling part of our
Kimeridge Clay " Portlandian," or for burdening our Tables of
Strata"with another name, " Bolonian." In fact I quite agree with
Prof Blake, when in speaking of the Portland Sand, he says it
may represent " a period which may have varied in absolute time
from spot to spot."*
The Portland Beds are essentially marine accumulations.
Indications of estuarine conditions have been considered to occur
in the so-called " Ci/rena-heds " of the Vale of Wardour ; but
the nature of the genus is not very clear, for it has been referred
not only to Cyrena, but also to Cytherea and Astarte.^ Mr.
Hudleston observes that the " shell being frequently associated
with Cerithiiim, represents a peculiar estuarine condition, which
was the precursor of the Purbecks."t Neritoma and Gorbula which,
also occur may be taken to afford similar testimony.
The Portland Beds are exposed only over limited areas in this
country, owing to the great Cretaceous overlaps. They are seen
in portions of South Dorsetshire, Wiltshire, Oxfordshire, and
Buckinghamshire, and they have been proved below ground in
Sussex and Kent. Over the northern parts of Dorsetshire their
outcrop is concealed, but the beds are probably continuous under-
ground beneath the Dorsetshire and Wiltshire downs, except where
shifted as near Upway by pre-Cretaceous faults. The outcrop is
seen in the Vale of Wardour and again near Devizes. At Swindon
the beds exposed may form part of an outlier ; and further on in
Oxfordshire we find straggling outliers, and perhaps part of the main
outcrop extending, onwards to Aylesbury. The beds may continue
underground through parts of Bedfordshire and Cambridgeshire,
for their northerly extension Is indicated by derived fossils in the
Lower Greensand of Brickhill, Wicken, &c. At the base of the
Spilsby Sandstone of Lincolnshire we note the occurrence of
Portlandian' fossils, but the relation of the Sandstone to the
Kimeridge Clay is one of unconformity, suggesting the derivation
* Quart. Journ. Geol. Soc, vol. xxxvi. p. 224,
t S«e Supp. to Damon's Geology of Weymouth, platss 7 and 19,
X Proo, Geol, Assoc, vol. rii. p. 170,
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of the fossils. Still further north, in Yorkshire, the Porlland
Beds may be similarly represented, but these and the succeeding
Purbeck strata were formed under conditions diflferent from those
in the area to the south, and more akin to the Volgian Beds of
Russia.
Zones.
With regard to zones Oppel (1856-58) included the Portland
Stone in his Kimeridge groiip, and marked it as the zone of
Ammonites giganteus and Trigonia gibbosa, associating with doubt
the Portland Sand. Renevier (1874) included the "Kimmeridgian,"
Portlandian, and Purbeckian in his Portlandian group, a compre-
hensive group equivalent to the Tithonic of some authorities. The
Tithonic formation of Oppel (1865) included the probable equiva-
lents of the uppermost parb of our Kimeridge Clay and higher
beds that shaded up into the Neocomian ; in- mass, however, it mainly
represented strata on the horizon of our Portland and Purbeck
Beds.* The Tithonic formation is therefore practically equivalent
to the Volgian Beds of M, Nikitin. These divisions both iu the
Sub-Alpine (Rhone) region and in Russia represent the deeper-
water marine conditions of Portland and Purbeck times.
The following are the zones of the Portland Beds that are
more generally adopted, together with a few of the leading fossils
which are sometimes taken to indicate sub-zones :
—
f Cytherea (Cyrenal) rugosa.
.
-^ • J. I
Trigonia sribbosa.
Ammonites g.ganteus
^
Ammonites boloniensis.
[ Trigonia incurva.
Trigonia Pellati.
Oyprina Brongniarti.
Exogyra bruntrutana.
Astarte Ssemanni.
Ammonites gigas has not been very definitely recorded from this
country, and abroad the zone is sometimes separated and put
below the zone of Cyprina Brongniarti, Still the ranges of
species in different parts of the Continent seem so variable, it is
impossible to mark minor zones that will hold good over any
extensive region. f All I can attempt to do is to note the broader
general zones.
Organic Remains.
Among the fossils of the Portland Beds there are occasionally
found remains of Saurians, including species of Cimoliosaurus,
Pliosaurus, and Metriorhynchus ; and of the Chelonians, Stegochelys
and Fleurosternum. The Fishes include Ischyodus, Mesodon, and
Lepidotus.
Ammonites are fairly abundant, especially the large Ammonites
giganteus, of which examples are obtained in considerable abundance
at Portland. Closely related to this species, if not a variety of it,
is A. boloniensis. Belemnites are extremely rare.
* Die Juraformation, pp. 725, 727, 807.
t See J. F. Blake, Quart. Journ. Geol. Soc., vol. xxxvii. p. 497 ; see also Table by
Fox-Strang^ays, Memoir on the iTurasBio Eooks of Yorkshire, toI. i. p. 25.
Ammonites gigas
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Fm. 81.
Fig. 81. Ammoiiites giganteus. Sow. ^.
„ 82. Oerithinm portlandicum, Sow. Nut. size (cast).
„ 83. Cardium dissimile, Sow. f.
„ 84. Trigonia gibbosa, Sow. f.
,,
85. Perna mytiloides, Lam. J.
„ 86. Pecten liimellosus, Sow, f.
E 82428. jj
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Fig. 87. I'm.
Fig. 91.
Fig. 89,
Fig. 90.
Fig. 87. Lucina portlandica, Soib. J.
„ 88. Cytherea (Cyrena?) rugosa, Sow. Nat. size.
,,
89. Oyprina elongata, JBlake. Nat. size.
,,
90. Exogyra bruatrutana, T^Mrw. 2.
,,
91. iBastreea oblonga, Flem. f.
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Many of the Portland Stone fossils have lost their shells and
only casts or moulds are preserved, as in the Portland " Roach,"
Layers of this character occur on different horizons in the Upper
Portland Beds. Thus the shells of Cerithium, Neritoma, Trigonia,
&c., are removed, but Pecten and Ostrea, where present, retain their
shelly matter.
The more abundant fossils are noted in the accompanying list.
The Portland Sands do not as a rule afford a rich field for the
collector, but fossil-beds occasionally occur, as at Swindon and
Brill, from y!i\n(Ai Ammonites, Pecten, Mytilus, Exogyra hruntrutana,
Thracia, Trigonia, &c., may be obtained. Brachiopoda and
Crustacea are rare in the Portland Beds : of the latter, remains of
Eryma and Glyphea have been found. No species of Polyzoa
are recorded ; Echinoderms are occasionally obtained.
One Coral, the Tiabury Star-coral, Isastraa ohlonga, has been
found in some abundance in the Vale of Wardour ; and rarely in
the Isle of Purbeck. It occurs in the Chert. Calcareous examples
are not met with in England, but they occur in the Upper Oolites
of Sutherlandshire. Sponge-remains are also found. (See p. 1 87.)
Remains of Plants {Araucarites) are but seldom obtained.
The more abundant and noteworthy fossils ofthe Portland Beds
are as follows :
—
Ammonites biplex
boloniensis - - -
giganteus (Fig. 81)-
Buccinum? angulatiun
Cerithium portlandicum (Fig. 82)
Natica elegans - - -
mcisa
Neritoma sinuosa -
Pleurotomaria rugata
Cardium dissimile (Fig 83)
Oyprina elongata (Fig. 89)
implicata
Cytherea rugosa (Fig. 88)
Exogyra bruntrutana (Fig. 90)
Lucina portlandica (Fig. 87)
Ostrea expansa -
—
— solitaria
Pecten lamellosus (Fig. 86)
Perna Bouchardi -
mytiloides (Fig. 85)
Pleuromya tellina
Voltzi
Thracia tenera
Trigonia gibbosa (Fig. 84)
incurva
Pellati
Isastrjea oblonga (Fig. 91)
Lower
Beds.
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Microscopic Structure of Portland Rocks.
Mr. Teall examined microscopic sections of the oolitic freestone (WMt
and Base Beds, Portland; and the Top and Under Treestones, Winspit,
St. Alban's Head). These showed oolitic grains, pellets, and organic
fragments, with some quartz grains (excepting in Whit Bed). The
matrix was clear crystalline calcite (Whit and Top beds), or of a granular
or mixed nature (Base and Under beds). The oolitic grains on the whole
were not very clearly defined, the concentric structure being apparently
obliterated in some cases (Top bed) and obscure in others (Base bed).
There were no indications of radiate structure.
The Upper Building Stone of Ohilmark, near Tisbury, contains well-
marked oolitic grains, which often contain quartz grains, and have no
cementing material.* (See also p. 312.)
The chalky limestones of Upway, Portisham, and Brill consist of fine-
grained granular' calcareous matter; and in the Portisham rock there
were small and often round patches of colourless crystalline calcite.
Other earthy limestones, from Great Milton and Whitchurch, showed fine-
grained granular and crystalline matrix, with organic fragments. Small
quartz graias occur in the Whitchurch rock, and oolite grains at Great
Milton.
A green marly rock from Brill showed round (but not rolled) grains of
glauconite, together with organic fragments and quartz grains, embedded
in a fine-grained granular calcareous matrix.
A specimen of silicified oolite, which T obtained from the Dancing Ledge
quarry, St. Alban's Head, is a fine white oolitic rock, closely resembling
an ordinary oolitic limestone, but not efiervesoing with acid. It consists
of obscure oolitic grains or pseudomorphs after oolitic grains, and also
of sponge-spicules of a coarse branching tjrpe now formed of a colourless
chalcedony, and having traces of their axial canals sometimes preserved.
The matrix appears to be largely formed of deeply coloured opal or
chalcedony. This forms zones around the oolitic grains, thus leaving
small irregular areas with cusp-like projections, which are now occupied
by colourless chalcedony ; sometimes it fills up the interspaces entirely.
The concretionary sandstone of Shotover, a grey calcareous and shelly
sandstone, showed rounded and more or less angular grains of quartz
cemented by calcareous matter.
Chert
The Chert, as seen in the Portland Beds of Portland, occurs
sometimes in even, more commonly in irregular, bands ; occasionally
in smooth lenticular masses ; and often in isolated nodules. The
nodules as a rule are not so distinct as the flints of the Chalk, but
end off in jagged outlines. The chert is often shattered. Cases
are met with where the Chert appears as inclined bands or ribs,
in parallel bands cutting across the bedding, as in cliffs below the
Lighthouse on Portland, and again at the western end of Gad
Cliff, near Worbarrow.
In an example of chert from the freestone-beds at Winspit,
St. Alban's Head, Mr. Teall observed a few angular grains of
quartz, but Ihe main mass consisted of chert containing sponge-
spicules with which some calcareous matter was associated.
A specimen of chert from Tisbury, examined by Mr. Teall,
showed irregular patches of chalcedonic silica with radial and
* See also Memoir on the Lower Oolitic Kocks of England, p. 12 ; and Sorby,
Quart. JourD. Geol. Soc, vol. xxxv, (Proc.), p. 80.
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concentric (agate) structure. Another example showed sponge-
spicules and quartz grains. Spicules of Pachastrella were
identified by Dr. Hinde, both from this rock and from that
of Winspit.
Examples of chert or " Portland flint " from the Chalky series
of Chilmark Quarry were described some few years ago by Mr.
Hudleston. He found shell fragments, sponge-spicules, and
occasional oolitic granules in an opalescent ground-mass—in one
case there was an inlet of agate silica and a " lake " of quartz. He
concluded that the "Portland flints " were formed by the replace-
ment of limestone by silica.* This view is supported by the
silicified oolite before mentioned. At Tisbury the Portland Beds
yield chert that is oolitic.
Dr. Hinde has remarked that, " From the Portland beds no
entire fossil sponges are as yet known, but in some of the chert
nodules in the limestones on the Isle of Portland and at Upway,
near Weymouth, there are numerous detached spicules of Pachas-
trella antiqua, Moore, sp., and of Geodites, sp,, thus showing that,
in part at least, the chert of these rocks is derived from sponge
remains."f
* Proc. Geol. Assoc, vol. vii. pp. 183, 184, and Plate 1. figs. 2-6.
t British Jurassic Sponges, p. 193.
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CHAPTEE XI.
Portland Beds.
Local Details.
Isle of Purbech.
The Portland Beds are well shown ia the cliffs between Durlstou
Head and St. Albans (St. Aldhelm's) Head, on the south-east
coast of Dorsetshire. The sea all along beats directly against the
cliffs, so that the beds can be best studied with the aid of a boat.
Here and there we find natural caverns and fissures in the rooks,
and there are a number of quarries where the " Purbeck-Portland
stone" has been worked. The lower beds exhibited are dark-
brown ragged-looking cherty rocks, above tliese come the freestones,
which have a white appearance in the upper part, and these are
surmounted by irregular and undulating layers of grey limestone
that form the base of the Purbeck Beds, or a " cap " to the
Portland Beds.
The general section of the Portland Beds may be stated as
follows :
—
Ft. Ft.
TT T) j„ r Freestone Series - - - 40 to 50Upper Beds.
-[ohertyBeds. - - - 60 to 75
LoTrer Beds. Sands, &c. - - - - 120 to 170
The most easterly exposure of the Portland Beds is at Durlston
Head, on the eastern side of which the Portland Stone appears
beneath the Lower Purbeck Beds. The junction is somewhat
obscure, owing to the disturbed character of the beds ; moreover,
the Portland Rocks themselves are much weathered and encrusted
with marine organisms. The beds are faulted, with a downthrow
to the north, so that at the headland, the chert-beds below the
Portland freestones appear. This fault is again seen west of
Durlston Head, where the Lower Purbeck " caps " are let down
on the west against the Portland freestones.
Passing Tilly Whim and Anvil Point, we find another fault
below the lighthouse with a downthrow of 10 or 15 feet on the west,
and again a slight fault further west, with also a western down-
throw. Many other faults may be seen in the cliffs as we proceed
westwards, and these are noted in a section of the cliffs which has
been drawn by Mr. Strahan,
The beds may be examined at Tilly Whim, where the old
" caves" show the extent to which the freestones were formerly
quarried, up to about the year 1811, The name "Whim" is said
to denote the crane or other contrivance used for raising and
Ft.
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Fig. 92,
Section at Winspit Quarry, St. Alban's Head.
(From a photograph by A. Strahan).
\4- ^^0, -
The quarry at Winspit (or Windspit) further west affords the
part of the coast. It was asbest section of the strata along; this
follows
Piirbeck Bed?. (Burr,
Ft. In.
Upper Portland
Beds.
/ Irregular limestones and clays.
L &c.) -
Fine-grained -wtite limestone, formerly
burnt for lime : Shkimp Stone
Hard grey limestone, with Perna
Bouchardi, &.c. Durable stone, used
for gate-posts, &c. The shells stand
out in relief after long exposure of
blocks : Blue Stone . - -
Oolitic limestone. Best stone : Top,
Upper or Pond Freestone
Bed with white flints : Flint Stone
Soft freestone. Nisi Bed 2 to
Coarse Limestone with Ammonites
giganteiis. Stone used for break-
waters, not so workable as other
beds : House Cap - - 5 to
Hard stone with lenticular White cherty
stone : has to be blasted out : Under
Picking Cap - - 2 to
Oolitic limestone, good stone, used for
sinks, curbstone, &c. : Under Free-
stone
Cherty stone, known as the " CLirp
Bf.ds ' in distinction from the Free-
stone series termed locally the
" Inland Beds."
8
7
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The " Shrimp Bed," according to Mr. Hudleston, is so called from the
quantity of remains of a small Crustacean.* It is sometimes 9 or 10 feet
thick. The " Blue Stone " below is evidently the representative of the
Oyster Bed of Tilly Whim. Trigonia gihbosa occurs at various horizons
here and there in bands in the freestone beds.
In the higher part of Eenscombe the Upper or Pond freestone is
obtained by open work and the Under freestone by galleries. The Upper
freestone has also been worked at the London Doors Quarry, north of
Encombe House : there the top bed of Portland stone is a white limestone
;
the beds are much shattered. The Lower Portland Beds were shown.in a
small quarry above Kimeridge village, where the cherty rocks rest on
sands with doggers and beds of sandy limestone.
The general section of the beds at St. Alban's Head, given by
Prof. Blake,t may be compared with that of Winspit :
—
Ft. In.
Purbeck.
Upper
Portland
Beds.
Botryoidal limestone and shale.
Creamy limestone, with Trigonia
gibbosa, Fecten lamellosus,
Waldheimia boluniensis ?
Eoach, with casts of Trigonia,
and Perna mytiloides • - 4
Oolite with Perna • -5
Sub-oolitic rook with chert, and
Trigonia - • - 8
Band of cherty rock - 2 6 to 4
I
Coarse-grained sub-oolitic rock,
<( with Trigonia and broken
shells - - - - 8
Fine-grained sub-oolitic rock,
I
with few fossils, rather cherty
towards base - - - 10
9 6 =Shrimp bed.
- 42
30
5
stone.^}=Blue
"I _ToporPond
/ freestone.
=Flint stone.
Nist bed
and House
6 J Cap.
CUnderPicking
Cap and
Under free-
-
I'
Brown sandstone
Cherty beds, with fucoids, 8er-
pula gordialis, and Ammonites
holoniensis - - - 16 1
,Chertybeds - - - 50 OJ
Sandy marl with indurated
blocks of sandy cement-stone
:
Ammonites biplex, Mytilus
autissiodorensis, Pecten solidus,
Trigonia incurva, T. Pellati,
Lower &c. - - - - 39
Portland { Hardy sandy marl with small
Beds. cement-stones ; Exogyra hrun
truiana
Cement-stone, Thracia ienera,
&c. ....
Indurated sandy marl, Bhyn
chonella portlandica
Cement stone ...
Passage-beds Sand and marly beds, with
and J indurated bands passing
Kimeridge
i
downwards into the Kime-
Clay.
I
ridge Clay, with J>inp«Za ovalis
|_ about 40 feet from base, about 126
en
stone.
=Cliffbeds.
• Free. Geol. Assoc, vol. vii. pp. 381, 382.
t Ciuart. Joum. Geol. Soc, vol. xxxvi. pp. 194, &c.
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Lower Portland
Beds.
At Encombe Point, above Chapman's Pool (West Hill), the
cliffs show the following general section :
—
Beds ^° -Hard beds of cherty stone.
'Sands (thin).
Soft marly sandstone.
Grey and greenish-grey sandy and marly
beds, with occasional indurated bands.
Thick band of shaly calcareous sandstone.
Shales and marls, mottled blue and brown,
with thin indurated bands and nodules
L (passage beds).
Kimeridge Olay. Blue clays with occasional cement-stones.
The thickness of the Lower Portland Beds appears to be about
] 70 feet. Fitton in his account of Emmit Hill gave a lesser
thickness of 120 to 140 feet for these beds.*
Fig. 93.
Section at Gad Cliff, Isle of Purbeck.
The Portland Beds, while maintaining a general northerly dip,
are bent into a gentle anticline between Emmit Hill and Gad
Cliff. Swyre Head, to the south-east of Encombe House, is one
of the highest points in Purbeck Isle, rising to an elevation
of over 660 feet. It consists of Portland Sands, surmounted by-
Portland Stone,
Proceeding westwards we come to the grand exposure of
Portland Beds in Gad Cliff. The junction-beds with the
Kimeridge Clay are to be seen in the cliffs above Brandy Bay,
and here, at the eastern end of Gad ClifE, huge doggers of
calcareous grit are scattered with the talus at the foot of the
cliffs. The indurated bands in the Portland Sands become
thicker and more prominent as we trace the beds westwards.
(See Fig. 93.)
" Trans. Geol. Soc, ser. 2, toI. iv. p. 211.
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The Portland Stone-beds are not very accessible, but on the
under surfaces of some of the layers large Ammonites may be
discerned. The beds break away in huge rectangular masses.
The cherty series "which forms the most prominent portion of the
rugged cliffs, contains two bands of pale limestone, the lower of
which, like certain layers in Portland, contains oblique bands or ribs
of chert. Beneath the cherty rooks (6) we find in succession :
—
J r 5. Bnflf sandstone, mucli honeycombed, and very dark
T>n,J^ A ^^ places.ir-ortiana
j ^ Blue and yellow marly Sands.
130 ft \ ^' Bine and buff sandy marl with hard nodular beds and
\ occasional persistent bands of calcareous sandstone.
or more.
^ g. Bluish-grey calcareous sandy shales (Passage-beds).
Kimeridge Clay. 1. Dark blue clay.
It is interesting to note that specimens of the Tisbury Star-
coral, IsastrcBa oblonga, have been found in blocks of chert at this
locality, although it is far from abundant. In the sands we find
Ammonites biplex, Exogyra, &c.
The pedestrian may be warned not to proceed westwards along
this coast in the hopes of reaching Worbarrow Bay. Not many
would be tempted to proceed very far, for there is no track-way,
and progress has to be made over and between huge tumbled
blocks of rough rock ; finally, there is no means, except by boat,
of reaching the cove by Worbarrow Knob, as the sea dashes up
against the cliffs for some distance east.
The top beds of the Portland Stone are seen at Worbarrow
Knob, and, as at Durlston Bay, they are compact limestones.
Bristow has recorded Ostrea and Cardium dissimile ; and from
lower beds of oolitic limestone large forms of Ammonites giganteus,
&c.
The Portland Beds are again met with east and west of
liulworth Cove, fringing the cliffs. At Mupe Bay the top bed
of Portland Stone is a compact, cream-coloured shelly and oolitic
limestone, with Trigonia, something like the " Roach " of Port-
land. The freestone below contains Ammonites giganteus, and in
the limestone with bands of flint Pecten lamellosus ocoars. Lower
down limestones with 8 or 9 bands of chert occur. Altogether
some 45 or 50 feet of Portland Beds are exposed.
To the west of Stare Cove or Stair Hole traces of Portland
Sands were observed by Fitton,* and their occurrence was noted
by Bristow in the headland known as Dungy (Horsewalls or
Dungeon) Crags, which form the eastern horn of the bay in
which Man of War Cove is situated. (See p. 258.)
Ringstead Bay, Upway, and Portisham.
In the cliffs below South Holworth, on the eastern side of
Ringstead Bay, we have the following section of the Lower
Purbeck and Portland Beds, which here dip at an angle of 37° N.
5° E. :—
* Trans. Geol. Soc, ser. 2, toI. iv. p. 211.
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Lower Purbeck
Beds.
Upper Portland
Beds.
Lower Portland
Beds.
Kimeridge
Clay.
Ft. In.
Creamy limestones and shales - "I
Hard marls, sandy and oolitic beds, \- 6
with one or two bands of chert - J
Pissile limestones (resembling the
Slatt or Slate of Portland) - - 6
Hard cream-oolonred marl - - 1 2
Thin irregular dirt layer - - 1
Hard irregular bituminous limestone
(Purbeck Cap) - - - 2 6
Dirt-bed with irregular calcareous
seams ....
Irregular decomposed sandy lime-
stone-----
Laminated clay and dirt. Fish-
remains . . . -
Compact bituminous limestone, sandy
at top, with casts of Cyrena - 10
Irregular bed of limestone with casts")
and moulds of shells " Eoach." | 12
Chalky limestone with Pecten lamel- ^ to
losus, Cardmm dissimile, &c. | 15
Oolitic limestone and Eoach. J
Cherty beds, white sandy oolite and
Roach ; with Ammonites - about 28
" Nodular creamy marls with Ostrea - 3
Blue and creamy marls . - 3 4
Earthy and sandy limestones, nodular
in places - - - - 8
Greenish-grey marly beds - - 6
Calcareous sandstones with Exogyra,
Ostrea, and Trigonia - - 10
Blue and yellow mottled sandy
clays - - - - - 40
Shales, in upper part, with con-
spicuous " white bed " as at Gad
Cliff, and lower down with septaria
and cement-stones.
This section is of considerable interest as affording evidence of
the change undergone by the Portland Eocks when we trace them
westwards to Upway and Portisham. They differ considerably
from the beds at St. Alban's Head and Portland, in the absence
of the workable beds of freestone, which are replaced by beds of a
very chalky character. In this area tbe beds are subject to rapid
changes in thickness, as well as in the character of the individual
layers.
Very chalky Portland rock, white or creamy in colour, occurs
between Preston and Osmington. About 12 feet of the stone
is exposed in a quarry south of the road. The top Portland beds,
although disturbed and irregular, show bedding ; the lower beds
are much broken up by vertical fissures. Oasts of Trigonia,
Lucina portlandica, &c. are most abundant in the upper beds.
At Upway the Portland beds are worked in a succession of
quarries. They comprise beds so like Chalk-with-flints that only
an appeal to the fossils would convince the geologist he was not in
a Chalk-pit*
* See also Fitton, Trans. Geol. Soc, ser. 2, toI. iv. p. 225 ; C. H. Weston, Quart.
Joum. Geol. Soc, vol. iv. p. 252 ; and J. F. Blake, Quart. Joum. Geol. Soc, vol.
xxxvi. p. 198.
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Fig. 94.
Section at XJpvoay, near Weymouth.
The general succession at Upway is as follows (see Fig. 94) —
Lower Purbeck
Beds.
Upper Portland
Beds.
Ft. In.
I. Earthy marl and limestones.
I. Marl with, seams of chert - - 2 6
'. White fissile and somewhat sandy
I
limestone, irregular - - 4 6
•{ 6. Dirt Bed, with stools and trunks
of trees
-
-
- 2 to 1
Thin bands of limestone with Fish-
remains, Palvdina, and Arohao-
,
niscvts - - - - 1
' 5. Sandy limestone, with black specks,
slightly oolitic, and very shelly
here and there like Roach 3
4. White chalkylimestone with chert-
bands ; Ostrea and Perna abun-
dant in upper bed, also Trigonia,
Lucina portlandiea, &c. -
Chalky limestone with small nodules
of chert scattered through the
middle and lower part
3. White chalky rock, with many
black and white flint or chert
layers, Ammonites - - -
2. Hard erey and yellow sandy lime-
stone ....
1. White chalky rock, with shelly
fragments in places and a few
irregular flints
8
10
10
The beds are subject to many changes in thickness and character.
Bed No. 7 in the Purbeck Series showed very irregular structure, and
other Purbeck Beds were bent in places.
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The general section at Portisham may be noted as follows :
—
Purbeck
Beds.
Upper
Portland<
Beds.
Lower
Portland<
Beds,
Olays, Bhell-limestone, Bauds -
G-rannlar limestones, &c.
Marls, shales, and Cap - - -
Hard slightly oolitic limestone
Chalky series, with bands and nodules
of chert ...
Earthy and shelly limestone : Serpulite-
bed - - - - -
Soft beds (not seen) . . .'
Bands, more or less concretionary,
of hard grey speckly limestones with
small Baogyra ...
Eubbly beds of soft earthy limestone
with casts of Gardium, &c. -
Brown and greenish-grey calcareous
sands . - . . .
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The numerous quarries and the economic applications of various
beds has led to the introduction of certain local names well known
to every worker in the Island. Thus the general section of the
beds worked is as follows :—
*
Purbeok
Beds,
10 to
30 feet.
Upper
Portland-
Beds.
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Fig. 96,
Section at Kingbarrotv,
Portland.
TheWhit'Bedor Top Bed of Freestone is a fine-grfrined oolitic
limestone from 5 to 15 feet- thick, though seldom, all good
when of great thiclcness. It contains coraniinU'ted shells, and it
has been suggested that its durability may be >o,wingJ, to theicrystal-
lized csaHbonate of lime derived from the contained shells.*
T,he Curf, and; flints form a bed.which varies from 4 to 9 feet
m thickness. Sometimes the flints are absent, at rothcrrtimes they
are scattered. Ostrea solitariu occurs, a,v.^ Ammonites giganteus is
abundant. Where this band is absestj as at a, quarry soujth of
Weston, the Whit Bed lies directly on the Base Bed. i
The Best Bed (Base Bed, tiovyer
Tier or Bottom Bed) is a fine-
grained oolitic- limestoneifranii 5 to
9 feet thick, and comparatively
free from fossils. According to
Prof. Blake this bed and the Curf
above have yielded Isastraa oM^ga
and Lithodomi.
The beds below the Basd Bed
are not worked on acount of the
flint. I -.
Prof. Blake considers thsit the
true Ammonites giganteus occtirs in
the upper beds, whil^ large' Am-
monites referred to A. b'oloAiensis
occur at lower horizons.f Speci-
mens of A. giganteus measuring as
much as 38 inches in diameter have
been obtained. These fossilfe are
called " Conger Eels " by the qiiarry-
men, and specimens, sometimes
" whitewashed," may be seen in
many cottage-gardens at Poijtland,
and near Weymoutli, Upway, and
PofJtisham.
The Clierty series below
/3-
tz'
the
.1-
Portland Building-stones, cbnsists
of buff" shelly and sandy limestome,
with chert or " flints " in irregu^r
bands, ia smooth lenticular ma$a<!,s,
and in scattered irregular nodtiles.
Beneath the Lighthouse-cliffj, ^-
marlcable oblique, bands travers&^e
rocks, appearing
,
like ribsl, ^aitild
these are overlaid, by approxiiinattBly
horizontal bands of chert, i
* W. Gray, ProcGeol. Soc. Assoc, vol. i. p. 131.
t Quart. Jonrn. Geol. Sooi, toI. xxxvi. p. 191*.
E 82428.
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An excellent section of the Lower Puibeck and Upper Portland
Beds is exposed in Steward's quarry, at Kingbarrow, where the
local names of the beds were pointed out to me by Mr. A. M.
Wallis (see Fig. 96, p. 199) :—
li
I
o
"14
13.
Bubble
12. Bacon Tiek
11. AlSH
10. SOM BUEE -
9. Black Dirt
8. Top Cap
T) GQ
Flaggy white limestone,
rubble, and clay 6 or
Hard Slatt (Slate or \ a rx v-j. n t .
Slattern) / ^°^* '^^^*® Aaggy limestone
(Irregular band of marl and limestone.)
Hard creamy and flaggy
limestone, breaks irregu-
larly - - 2 to
(Thin shaly dirt-layer and
sandy limestone.)
Soft brown or white sandy
limestone, laminated at
base ...
Seam of brown, black, and
white clay. Soft white
banded limestone, some-
what sandy and with car.
bonaoeous specks -
Loose pale tufaceons lime-
stone with hard cap 1 to
Dark clayey bed with car-
bonaceous matter, frag.
ments of wood, and stones
of grey earthy limestone
and oolite - 9 to
BuflF and white limestone,
hard and compact in
places, in other parts full
of drnsy cavities in de-
composed cherty rock
running very irregularly
through the stone; the
rock splits up irregularly
Irregular clay seam.
Hard brown limestone with
small cavities ; irregular -
(With at base nodules of
chert or "hard rag"
yielding small univalves.)
Oolitic limestone full of casts
and moulds of Trigonia,
Gerithium, &c. ; merging
into bed below
Buff oolite, with a few
layers containing casts of
shells, and occasional flints
Irregular cherty band with
" sand holes " yielding
small univalves.
Buff oolite (local) 3 to
Oolitic limestone with many
nodules of chert: Ammo-
nites gigantem
Oolitic limestone with Ostrea
and casts of Trigonia,
Cerilhiwm, &c. - 1 to
Buff oolite - - 6 to
Ft. In.
7. Skull Cap -
6. KOACH
5. Whit Bed
Bottom Whit Bed -
CUKF and Flints -
2
1. Base Bed -
Babe Bed Boach
or Little Eoaoh.
4
4
6 6
1
10
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Sections by the Verne Fort showed the following beds, which
appear to come directly beneath the Base-bed :
—
Upper Portland |
Beds :— ^
Cherty Beds.
Lower Portland Beds :
—
Portland <
Sanda.
fBufE limestones, shelly in places
I
with Ammonites boloniensis,
I Ostrea, Peoten lamellosus, Tri-
gonia, Serpula, and beds like
" roach " : with bands and
nodules of chert throughont,
about
"Blue buff and grey mottled"]
marl. I
Dark blue clay. >
I
Greenish grey and blue mottled
|
marl
Ft. In.
- 66
15
l_ l. ^ J
The cliffs near Eufus Castle affbrd a good section of the Port-
land Bed?, with about 10 feet of Lower Purbeck Beds on top.
The freestone-beds show shelly patches (Roach) at different
horizons, and the cherty series below contains bands of pale and
dark chert iii even and irregular layers, in lenticular seams and
nodules, with an occasional oblique vein. A sandy bed occurred
about 8 feet from the base; below are shelly limestones with chert,
and then a spring issues on top of a clayey band that marks the
top of the Lower Portland Beds.
A section of the beds on the west side of the tramway leading
to the breakwater was measured by H. W. Bristow. Beneath a
thickness of 63 feet of stone-beds with chert, the following beds of
the Portland Sands were seen :
—
'Hard yellow sandy marl ...
Grey marls with plates of fibrous gypsum
Hard grey sandy bed ....
Carbonaceous sand - - - -
Hard grey marl with large irregular cavities
lined with carbonate of lime and containing
sand and clay.....
Soft gi'ey marly sand, passing upwards into
hard thick calcareous bed containing
Ammonites and fibrous gypsum
Hard grey calcareous sand with fossils -
Carbonaceous parting
Soft sand with fossils . . . -
Tellow sand with blue calcareous nodules: Trigonia 3
Yellow sand ....
We are indebted mainly to Prof. Blake for our knowledge of
the palaeontology of the Portland Bede. The fossils of thp
freestone-beds have been already mentioned. From the beds
below, including the mass of the cherty series, he records the
following species :
—
Portland
Sands.
Ft.
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From the Lower Portland Beds he obtained the following fossils :—
*
Ammonites biplex.
Natica inoisa.
Area.
Avicnla octavia.
Oyprina elongata.
' impliuata.
Trigonia muricata.
Pellati.
Disoina humphriesiana.
Rhynchonella port-
landica.
Serpula.
Exogyra bruntratana.
Isocardia.
Lima boloniensis,
Mytilus autissiodorensis.
Pecten solidus.
Trigonia incurva.
The Lower Portland Beds are well exposed in the cliffa of
Clay Hope on the western side of the Island. They consist of
marly and sandy beds that contain indurated beds in the upper
part and lower down doggers of calcareous sandstone ; they pass
downwards into the Kimeridge Olay.
Mr. Whitaker has kindly given me the following particulars of
a boring made by Mr. J. L. Webster at Southwell, Portland :
—
Purbeck
Beds.
Portland
Stone.
Portland
Sand.
r Enbble, &c.
^ Cap -
L Skull cap -
TRoach
<^ Whit Bed, &c.
(_Limestone and flint
Thickness.
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CHAPTER XII.
PoETLAND Beds.
Local Details—continued.
Vale of Wardour.
The Vale of Wardour is one of the classic regions of the
geologist. Large quarries have been opened in the Portland and
Purbeck beds, many fossils have been obtained, and the district
has been described by many observers. Pyt House, a few miles
west of Tisbury, was the home of Miss Etheldred Benett, one of
the earliest of lady geologists, who gave especial attention to the
fossils of Wiltshire, and published the first detailed account of the
strata.* They have subsequently been studied by Fitton,t
Mr. W. H. Hudleston.t Prof. J. F. Blake,§ and the Rev. W. R.
Andrews
II
(formerly of Tefibnt Evias).
The general . section of the Oolitic strata in the Vale of
Wardour is as follows :
—
Lower
Purbeck
Beds.
Upper
Building
Stones.
Ohalky
Series.
Bagstone.
Upper
Portland <
Beds.
Building
Stones.
Lower Portland Beds.
Eimeiidge' Clay.
Fi. In.
r Flaggy limestones, dirt -
i. beds, and peculiar oolitic
L beds. (See page 267.)
{Bufif sandy and oolitic lime-
stones, compact limestone,
and occasional chert-seams
in lower part 10 to 16
Soft white chalky limestone,
with nodules and veins of
black chert - 4 to 24
Brown gritty and shelly
limestone, divided in
places by seam of rubbly
marl - - 4 6 to 5 6
Pale shelly and oolitic lime-
stones, with rnbbly shelly
marl at base - - 3 3
Though Bed: Hard buflf
sandy and oolitic lime-
stone, the surface covered
with bivalves {Trigonia
gihhosa), the bed merging
into that below - - 2 8
Glauconitic and sandy lime-
stones : divided locally
into :
—
Green Bed - 6 0"
Slant Bed '-10
PinneyBed - 2
Cleaving or S 16 4
Hard Bed - 1 O'
Fretting Bed - .T 4
Under Beds - 3
* A Catalogue of the Organic Remains of the County of Wilts, 1831 ; (pmatel
issued).
t Trans. Geol. Soc, ser. 2, vol. iv. pp. 251, 254.
j Proe. Geol. Assoc, vol. vii. pp. 167-170, and Geol. Mag. 1881, p. 387.
§ Quart. Joum. Geol. Soc, vol. xxxvi. p. 200.
II
Proc. Dorset Nat. Hist. Club, vol. v. p. 66,
"
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The finest exposures of the Portland Beds are to be seen in
the Chilmark ravine, about a mile south of the village, but there
are a number of quarries near Tisbury.
The Oolitic series has a general inclination towards the E.S.E.,
but the beds are affected by undulations, which bring the Portland
Beds to the surface at Chilmark. The Upper Cretaceous Rocks
extend across the denuded surfaces of the older strata and form a
margin to the vale both north and south. (See Fig. 97.)
On the west side of the Chilmark ravine only the lower
building-stones are worked, on the east side both Upper and
Lower Beds are quarried, for the most part in underground
workings. The overlying Purbeck Beds at the Teffont (Chil-
mark) Quarry are noted on p. 267. The lower building-stones
which I noted were as follows :
—
Ft. In.
" Chalky Series.
White Bed: gritty limestone, nsed for
hearthstone - • - - 1 6
1
Enbbly marl (Bag)
Shelly limestones
Tkotigh Bed : pale shelly oolitic limestone -
Rubbly mari, passing into Eoach
Gkeen Bed : hard buflP or pale greenish-grey
oolite merging into bed below - 2 6 to 2 9
PiNNEY Bed: brown glaiiconitio and oolitic
sandy limestones in three or four layers - 12
A well at the base of the Chilmark (Teffont) Quarry was sunk
to a depth of 39 feet through clays and calcareous sandy beds to
very black clay (Kimeridge Clay), and water rose to within
19 feet of the surface.
The thicknesses at this locality may be thus summarized :
—
Ft. In.
rUpper Building Stones - - - 16
Upper J Chalky Series - - - - 24
Portland Beds.] Eagstone - • - - 9
LLower Building Stones - - - 18
Lower Portland Beds - - - - - 38
Upper
Portland <
Beds.
4
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The Ragstone Beds are characterized by Cytherea {Cyrena)
rugosa, and they have been termed the " Lower Cyrena Beds."
Gasteropods are fairly abundant, including the form known as
Cerithium concavum, the small Natica elegans, Pseudomelania^
teres, Neridomus transversus, Neritoma sinuosa and Actceonina
signum* The beds yield also Corhula, Cardium dissimile, Luchia
portlandica, &c.
Mr. Hudleston considered there was evidence of a break
between these beds and those below. He noted at the base an
irregular Trigonia-heA, with T. gihbosa and Mytilus jurensis.
Trigonia Manseli also occurs in these beds. The shells in this
division are well preserved. The absence of Ammonites is note-
worthy, and the general assemblage is considered by Mr. Hudleston
as suggestive of fiuvio -marine conditions.
The Chalky Series calls to mind the similar beds at Upway.
The fossils are marine and include Ammonites boloniensis, known
as " Horns," Pleurotomaria rugata, Turbo apertus, Cardium
dissimile, Lucina portlandica, Ostrea expansa, Pecten lajnellosus,
Pholadomya tumida, Pleuromya tellina, and Trigonia gibbosa.
The Upper Building Stones, termed by Mr. Hudleston the
" Upper Cyrena Beds," yield fossils for the most part in casts,
and the beds have been compared to the Boach of Portland.
Cerithium portlandicum is characteristic, and among other fossils
there are Neritoma sinuosa, Cytherea {Cyrena) rugosa, Trigonia
gibbosa (not uncommon), Cardium dissimile, Lucina portlandica,
and Pecten lamellosus.
Portland Beds with usually some thickness of Purbeck Beds
(fn top, were worked on the north side of Biver Nadder by Chicks-
grove Mill, and there were other quarries (with underground
workings) on the south side of the river. An account of one of
these was published by Miss Benett in ISlS.f The locality is
that of Upper Chicksgrove, and pits were opened westwards in
Quarry Copse, south of the railway. A cutting on the railway
west of Chicksgrove Mill, and north of Wockley, showed tlie
following section :—
Ft. In,
'Greenish sandy bed - - - - 1
Hard grey sandy limestone, weathering white
:
Trigonia, Ammonites • - - - 1 3
Greenish and grey beds of more or less
Upper J cS.lcareoiis sandstone or sandy limestone. - 2 6
Portland "^ Shelly limestone : Serpula - - - 2 6
Beds. Sandy and shelly limestone : Serjpula - - 2 6
Sandy marl : Ostrea, Serpula, Spine of
Echinus - - - - - 4
Grey shelly limestones - - - - 4
Lowe" rBrown and greenish-brown sand with clay
Portland
-l
seams and bands ofindurated sand : casts of
Roila 1 shells hereand there, thin beds of stone near°®''®-
L top 15 to 20
* See Hudleston, Geol. Mag. 1881, p. 387; and Proc. Geol. Assoc, vol. vii. pp.
167, &c.
t Sowerby, Min, Con., vol. ii. 1818, p. 58.
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The uppermost three beds merge one into the other and are
much shattered at the top in places. The fissures that sometimes
traverse the rocks in this district are known as " lets."*
At Wockley, south-east of Tisbury, the beds are much reduced
in thickness, and their character, especially in the lower beds, is
altered for we miss the Ragstones of Ohiimaris. (See Fig. 134,
p. 268.) The individual layers of rock also vary much in thick-
ness. On top there is from 18 to 20 feet of Lower Purbeck
Strata, beneath which we find :
—
t
'4. Bed of Roacli, with lenticular mass ]
of chert at top : Trigonia gihhosa. I
3. Chalky limestones obliquely bedded, !
with Ammoniiesbiplex, Pleurotomaria [
Upper t-ugaia, Ostrea expansa, Peeten | Ft. Ft. In.
Portland -i lamellosus. ' J 10 to 16
Beds. 2. Buff and greenish, glauconitic sandy
limestone - - - 2 to 4
1. Compact and very shelly limestone,
passing down into sandy limestone
(quarried for freestone) - - 4 to 5
A quarry south of Tisbury Station afforded evidence of the
variable nature of the beds. The section was as follows (see
Fig. 98):—
__
'5. Eubbly stone and marl with seam Ft. Ft. In.
of clay ... - 40
4. Shelly limestone (Roach) with")
Trigonia ineurva. ' I
Upper 3. Impure shelly and tufaoeous
[
Portland < limestone - - -
-J 4 to 50
Beds. 2. Oompact,but rotten chalky,limestone
much shattered, with G-asteropods - 3 to 4
1. Greenish glauconitic sandy lime-
stone with lenticular seams of oolitic
chert : three layers seen
Fig. 98.
Quarry South uf Tisbury, Wiltshire.
-k
3:'-^i
^.l-^K
10 to 12
Beds ofgreenish sandstone,
that become paler when dry,
are dug to a depth of about
10 feet in a quarry between
Tisbury and Newtown.
Specimens of Trigonia are
abundant on some of the
blocks. Formerly much stone
was obtained at Lower
Lawn, and exteuBive old
quarries are to be seen there.
Looking generally at the
variatiorfs exhibited in the
different quarries, to the
attenuation and local absence of beds that may be classed with the
Upper Building Stones, Mr. Hudleston remarked there was
* Fitton, Trans. Geol. Soc, ser. 2, vol. iv. p. 255.
t See also Fitton, Trans. Geol. Soc, ser. 2, vol. iv. p. 253 ; and Hudleston, Proo,
Geol. Assoc, vol. vii. p. 173.
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evidence of discordance between the Purbeck and Portland Beds
in the Vale of Wardour.*
No doubt there are abrupt changes here and there between
the formations, as there sometimes are between individual beds
in the Portland series. There is, however, no discordance such
as would imply upheaval and denudation of the strata. The
phenomena may be attributed in part to contemporaneous erosion,
in part to the attenuation and local deposition of certain sediments
;
while again the variations in the lithological characters of different
layers serve to render the results of minute correlation very
diiEcult and uncertain.
Tisbury has been long famous as the locality for the Star
Coral, Isastraa ohlonga, which occurs in the Portland chert, and
polished specimens of which are to be found in most collections.
The exact position of the bed yielding this " Siliceous
Madrepore" has been a matter or some doubt. It was described
in 1729 by John Woodward as the " Starr'd Agate." He says
" This was found, amongst several others, lying on Floors, like the
common black Flints, amongst Chalk; * * * Underneath
these Floors of starred Flints lay Strata of Sand-stone, in a
Quarry in Tishury Parish."t
This position in the Chalky Series agrees with that assigned
to it by the Kev. W. il. Andrews, who has found the fossil above
the Ragstones at Newtown, Tisbury. Most of the specimens have,
however, been obtained from ploughed fields to the north-west of
Tisbury. The horizon also agrees with that noticed by Miss
Benett, who states that the Coral was found above the Portland
rock {i.e. building-stone), in a well sunk at Burton's Cottage,
near the Inn, at Fonthill GifFard ; the same authority recorded the
following secticra-of a w«ll at Butcher's Knap(field), Tisbury :
—
%
Ft. In.
Eubble of Portland Beds - - . - - 10
Siliceous Madrepore - - - - - 1
Portland Beds . - - - - - 42
(Water.)
Fitton mentions the finding of Ammonites hiplex in chalcedonic
flint, and states that many specimens of the Tisbury Coral had
been obtained from " a continuous bed of flint, about 2 inches
thick," exposed in one of the quarries formerly worked to the
south of Fonthill Giffard.§ It has been found alsoat Chilmark.
In a cutting on the road-side betvveen Tisbury and Wardour
near Hazelton, and in other sections, Mr. Hudleston noted the
following beds beneath the main building-stone :
— 1|
* Hudleston, Proe. Geol. Assoc, vol. vii. pp. 170, 173, 174. See also J. F. Blake,
Quart. Journ, Geol. See, vol. xxxi. p. 191.
t Nat. Hist. Fossils of England, Tome II. p. 77.
I Cat. Org. Kem. Wilts, p. iv ; see also Hudleston, Proc. Geol. Assoc, vol. vii. p.
167.
§ Trans. Geol. Soe., ser. 2, vol. iv. p. 255. For a reference to disintegrated Port-
land Stone from Fonthill Giffard, see p. 233 of this Memoir.
II
Proc. Geol. Assoc, vol. vii. p. 172.
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Ft. In.
•g- r3. Loose sands with doggers - - 7
Portland -1 ^" Gri'eenish ooncrebionary limestoneg J
I
grit, with occasional lydite
;
L originally a Trigonia-bed - 3
Lower r
Portland i 1. Loamy sands and clays - - 21
Beds. I
From the hard band (2) he records the following species :
—
Natica elegans.
Avionla credneriana.
Cardinm dissimile.
Exc^yra bruntrutana.
Mytilus jurensis.
Pecten lamellosus.
Perna Bouchardi.
Trigonia gibbosa.
Prof. Blake, who first noted these beds, identifies the Trigonia
as T. Pellati* The fauna, as remarked by Mr. Hudleston, seems
very little different from that of the bxiilding-stones,—" It is what
one would call an average Portland stone fauna of the large type,
somewhat modified."
The occurrence of the bed with lydites is interesting, as we
find other such pebbly layers as we trace the beds over the
exposures onwards to Buckinghamshire, and the horizon seems to
be fairly constant.
Worton and Potterne, near Devizes.
A small area of Portland rocks is exposed between Ooulston
and Potterne, to the south of Devizes, at the western end of the
Vale of Pewsey. <
The passage-beds into the Kimeridge Clay have been opened
up in the brickyards at Worton and between Potterne and Dues
Water. At the brickyard south of Potterne the following section
was exposed :
—
Ft. In.
Brown and blue sandy loam with casts of Trigonia and
Exogyra r - - - - - -14
Hard irregular nodules of calcareous sandstone with
Thracia and Perna.
Bine loamy clay.
Prof. Blake h.is noted that here we find the usual Swindon and
Hartwell fossils. f On a higher horizon we find, in the road-
cutting east of Worton, grey, brown and greenish-grey sands.
The spur north of the Potterne brickyard is partially covered
with pale quartzose sand (Lower Greensand) ; but, as I am
informed by Mr. Jukes-Browne, there is fine-grained Portland
sand by Larborough Farm. Eastwards by Potterne Park, he
noticed a considerable area of fine sand containing glauconite, and
he remarks that the Portland sand is thus locally green, whereas
the Lower Greensand of the area is never so.
* Quart. Jourt Geol. Soc, vol. xxxvi. p. 202.
t Ibid., vol. xxxvi. p. 203.
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Oherty Beds were formerly dug in the ridge between Hurst
Farm and Greenlaiids Farm north of Great Cheverell, Mr.
Jukes-Browne was informed by Mr. W. Ounnington that about
50 tons of fetone were obtained.
The highest beds seen in this area are exposed at Crockwood.
In the farmyard we find 2 or 3 feet of irregular and rubbly beds
of gritty and oolitic limestone, with Pecten lamellosus, Cardium
dissimile, and Serpula, To the north-west of the farm, a lane-
cutting showed 3 feet of the same rock, here glauconitic and
containing an occasional lydite pebble. Prof. Blake lias recorded
Trigonia gihbosa from this locality, and I obtained, in addition to
the species before mentioned, some Gasteropods, also ISfodiola,
Pleuromya, and Ostrea. The beds rested on greenish sand with
hard concretionary masses of glauconitic sandstone, shown to a
depth of 1 ft. 8 ins. ; while on top of the stone-beds stiff brown clay
(probably Gault) was shown.
The fossiliferous stone-beds are no doubt on the same horizon
as the basement Portland Stone at Swindon.
Swindon and Bourton.
The next exposures of the Portland Beds are at Swindon, where
the large quarries to the south-west of the oldtown afford fine sections
of Purbeck and Portland beds, and many fossils may be obtained.
The sections have attracted a good deal of attention, and they
have been described by Fltton,* Godwin-Austen,t the Rev.
P. B. Brodie.J J. Buckman,§ and others, more particularly
Prof. J. F. Blake, to whom reference will subsequently be made.
The Portland Beds at Swindon are partially concealed beneath
the Cretaceous rocks to the south-east, and they were considered
by Sir A, C. Ramsay to occur probably as an outlier. In
confirmation of this, it may be mentioned that no trace of them
was found in a boring carried through the Cretaceous rocks of
Burdrop, between Wroughton and Chisledon on the south.
||
The Portland Beds at Swindon comprise in their upper part
two calcareous beds, and these are separated by a mass of sands,
with layers of hard calcareous sandstone that furnish the Swindon
buildiug-stone.
When the sections were described by Ramsay ,1[ these sandy
strata were classed as "Portland Sands," and he represented
them at one place as overlaid irregularly by Portland Limestone
;
but it is now known, and mainly from the observations of Prof.
Blake, that the Swindon stone is part of the Portland Stone
division, and that the true Portland Sands are well developed
beneath.
When Prof, Blake's observations were made, the details of the
Lower Portland beds could only be fitted together from somewhat
* Trans. Geol. Soc, ser. 2, vol. iv. p. 266.
t Quart. Joum. Geol. Soc, vol. vi. p. 467.
j Ibid. vol. viii. p. 53.
§ Ibid., vol. xiv„ p. 128. •
II
Ibid., vol. xlii. p. 308.
IT Geol. parts of Wilts and Gloucestershire, pp. 25, &c.
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scattered data. Since then sections, opened up during the
construction of the new railway from Marlborough by Swindon to
Cirencester, have furnished clear evidence of the sequence of
the strata; and additional information has been afforded by
cuttings along a road made from Old Swindon to the new town
adjoining the Great Western Uailway. The infornaation thus
obtained confirms the succession made out by Prof. Blake.*
The general section at Swindon is as follows :
—
Purbeck Beds. (Resting irregularly on different members of the
Portland Series.)
Ft, In. Ft. In.
Chalky beds.
Oolitic limestone with casts of Oerithiitm,
&c. • - - - 5 Oto 6
Irregular grey clay. ''
Sands with beds of Swindon stone
FossiliferouB limestone, " Oookly Bed " -
^Bluish-grey limestone with lydite pebbles
Blue clay.
i Exogyra-hed ....
_Sands with doggers . . -
Kimeridge Clay.
The Kimeridge Clay passes up most gradually into the Lower
Portland Beds, and these comprise the strata Nos. 1 to 5 in the
Section (Fig. 99, p. 212). A more detailed description of these
may be given.
' Lower Portland Beds.
1-3. Grey and greenish or buff sands, and loamy beds, with hard concre-
tionary masses or " doggers " of calcareous sandstone, some of which are
as much as eight feet in diameter. The upper portions of this series were
exposed in the railway-cutting (Fig. 99, p. 212), in the cuttings for the new
road from Swindon toT^n to the railway-station, and in an a^oining sand-
pit where material was obtained for mating mortar. Very fossiliferous
layers occur at these localities in this higher portion. The full thickness
of the beds is not less than 40 feet. A number of fossils were obtained by
Mr.Ehodes and myself, but many more have been recorded by Prof. Blake.
The following is a list of the species obtained from these beds :
—
f
Upper
Portland
Beds.
Lower
Portland
Beds.
20
30
Oto 25
4
3
Oto 8
Oto 40
Ammonites bipleXi
pectinatus.
Aporrhais Thurmanni.
Cerithium Lamberti.
Delphinula globata.
Turbo Foncardi.
Area velledae.
Astarte polymorpha.
Sasmanni.
Cardium morinioiim.
X Cyprina impUcata.
pnlchella.
swindonensis.
Exogyra bruntrutaua.
Lima boloniensis.
- Lithodomus.
Lucina fragosa.
ISIyoconcha portlandica.
Saemanni.
Mytilus autissiodorensis.
boloniensis.
longKvns.
Ostrea bononife.
multiformis.
Peoten lens var. Morini.
solidus.
suprajurensis.
Perna Bouohardi.
Pholadomya tumida.
Pinna suprajurensis.
Placunopsis Lycetti.
Pleuromya Voltzi.
Sowerbya longior.
X Trigonia irregularis.
Pellati.
swindonensis.
X Unicardium sulcatum.
Acrosalenia Kcenigi.
* Quart. Journ. Geol., Soo. vol. xxxvi. pp. 21&-212, and Proc. Geol. Assoc, vol.
xii. p. 326 ; see also H.B.W., Geol. Mag., 1888, p. 469.
t The additional species named by Messrs. Sharman and Newton are marked x :
the others were all recorded by Prof. Blake, Quart. Journ. Geol. Soc, vol. xxxvi. p.
212.
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4. Exogyra-hed : a marly sandstone that varies from three to eight feet
in thickness. It was well shown in the railway-cutting, and less distinctly
in the road -cuttings. As noted hy Prof. Blake the most abandant species
is Eteogyra hruntrutana. Mr. Ehodes and myself obtained the following
fossils :
—
Goniomya v.-soripta. Ostrea lasviuscula.
Lithodomus.
Mytilus autissiodorensis.
5. Swindon clay : a blue racy clay, weathering brown at the surface,
and from 14 to about 20 feet thick. It was well shown in the railway-
cutting (Fig. 99). Small lydite pebbles occur in the top part of the clay,
together with small quartz pebbles and phosphatized fossils, that appear
to have been worked into the surface of the clay after its deposition.
Towards its base the clay becomes loamy, and passes into dark greenish sand
(3 feet thick) that overlies the Exogyra-heA.. Prom this clay I obtained
Ostrea laviuscula, and Prof. Blake has recorded the following species :
—
Pholadomya tnmida.
Serpula.
Area Beaugrandi.
Corbula dammariensis.
Cyprina elongata.
Mytilus autissiodorensis.
Perna Bouchardi.
Trigonia.
Upper Portland Beds.
6. Besting on the Swindon Clay in the railway-cutting, the're was a bed
of marly limestone (like Boach), with abundant casts and moulds of shells,
underlaid by fossiliferous sandy and glauconitic limestone with lydite
pebbles. These beds were little more than 3 feet thick in the railway,
cutting. In the great quarries they are exposed beneath the Swindon
stone. There the lower bed, which is burnt for lime, and used for road-
metal, is a bluish-grey limestone, with lydite pebbles, and is about 3 feet 6
inches thick.* The upper bed is a hard marly limestone, oolitic and sandy
in places, and about 4 feet thick. It merges upwards into calcareous sand-
stone, belonging to the division above. It is very fossi]iferous, and is
known as the "CocklyBed," but specimens are most abundant in the
lower portion of it. These include the following fossils :
—
Ammonites biplex.
giganteus.
Buccinum? angalatum.
Natiea elegans.
Pleurotomaria rugata.
Area.
Cardium dissimile.
Cyprina elongata.
Exogyra.
Lncina portlandica.
Modiola unguioulata.
Ostrea Iseviusoula.
Pecten laraellosus.
suprajurensis.
Pleuromya tellina.
Trigonia Oarrei.
gibbosa.
mcurva.
7. Buff and white false-bedded sands, shelly and calcareous in places,
and with bands, irregu!& lenticular layers, and some smooth masses of
calcareous sandstone (Swindon Stone). Lignite occurs, and the sands are
variable, some portions being composed of comminuted shells of Ostrea
and Pecten. These beds attafti a thickness of 25 feet, and are surmounted
in places directly by Purbeck Beds. The top layer is a hard sandy lime-
stone 2 to 3 feet thick with casts of shells. From these beds Prof. Blake
has recorded the following fossils :
—
f
Ostrea solitaria.
Perna.
Pleuromya tellina..
Trigonia gibbosa.
Corbula dammariensis.
Cyprina pulchella.
Lima rustica.
Modiola unguioulata.
Eamsay called attention to the evidence of local erosion between these
sands and the overlying Portland beds ;J and Prof. Blake has stated that
* This lydite-bed was noticed by Fitton, who included it with the "Portland
Sand," Trans. Geol. See, ser. 2, vol. iv. p. 267.
I Qaart. Joum. Geol. Soc, vol. xxxvi. pp. 204, 208. See also Fitton, Trans,
Geol. Soc, ser. 2, vol. iv. p. 266.
% Geology of parts of Wiltshire and Gloucestershire, p. 25.
Trigonia gibbosa.
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these " basal sands " may be considered to be the equivalents of the
Tisbury stone (lower building-stone), and of the cherty series of Portland.
8. Irregular grey clay. This is a thin seam which may owe its irregu-
larity to dissolution of calcareous matter frona the underlying strata.
9. Oolitic limestone, 4 or 6 feet thick, with casts of Oerithium, and
Trigonia, a bed like the Boach of Portland. It yields also Oytherea
rugosa (the " Cyrena" of the Vale of Wardour). The following are the
fossils recorded from this bed, and most of them have been noted by
Prof. Blake :—
Buccinum ? angulatum. Cytherea rugosa.
Oerithium portlandicum. Pecten lamellosus.
Neritoma sinuosa. Pleuromya tellina.
Cardium dissimile. ""
"
Corbicella movseana.
10. Pale marly limestone, described by Eamaay as hard cream-coloured
limestone from 1 to 6 feet thick, with Trigonia, &c. I obtained no fossils
from this bed, which, but for the occurrence of Trigonia, might have been
regarded as Purbeok.
The higher Portland Beds are of a somewh;it variable nature,
and the sections were not sufficiently continuous to display their
relations very clearly ; so that I saw no evidence of discordance
between them and the underlying Swindon Stone-beds. As
remarked by Eamsay, nearly 40 years ago, " The section varies
so rapidly in different parts of the quarry that, as the works
proceed, any details now given may probably not apply to . the
section as it may exist in a few years."*
Nor did I find any freshwater fossils in the Portland Beds. The
records of these discoveries require confirmation, W. Keeping
described these upper beds under the name of " Swindon
Series," lemarking that some of the beds were of Purbeck
type, and noting the occurrence of Valvata? in a cherty band
just below bed No. 8.t
It may be useful now to give a few notes on the particular
sections observed in and around Swindon.
The section in the road-cutting (below Victoria Street) was
noted as follows in 1887 :
—
Ft. In.
'Loamy sand passing down into dark greenish
sand' - - - - . -30
Very shelly layer, with Ostrea t^viusaula &c. - 10
Bed with Exogyra, in clayey matrix, with
J concretionary marly stone - - - 3 3Lower
J (5j.ggji^ brown, and. red sandS, false-bedded andjrortianQ<
„-u„ii„ i„ t,1ooo= CT.o-,.f;/.,-,io..i.., „+ +i,„.i,„„„\
Beds.
shelly in places (particularly at the base)
with large concretionary masses of nfiarly
sandstone ; AmmoniteSi Ostrea, Peoten,
Trigonia, &c. - ... 3 6
Grrey or buff sand with hard concretions - in
places(doggers),'Some at top . 30 0,to 40
There was a marked plane of division on top of this lower bed
of sand. The beds are much disturbed and slipped at the outcrop,
and small local faults are thus shown as well as undulation.s, both
dae entirely to the slipping,-
* Geol. parts of Wiltshire and Gloucestershire, p. 25.
t Fossils of Upware, &c., 1883, p. 41 ; see also J. F. Blake, Quart. Journ. Geol.
Soc, vol. xxxvi. p. 207.
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An old cutting made for an extension of the Great Western
Railway east of Victoria Street showed the lower beds of
sand with large lenticular doggers near the base. These lower
beds of Portland Sand were noted by Fitton.* A brickyard
further east shows the junction of these sands with the Kimeridge
Clay, as follows :
—
Ft. In-.
Lower r G-reenisli and yellow sands (even line) - 8 or 9
Portland < Dark bluish-gTey sand becoming loamy lower
Beds. L down - - - - - - 6
Kimeridse f ^^"® '^^^J '^^*'^ cement-stones :_
Clav I Thrada depressa, Perna mytiloides, Oorbula,'
L Ammonites hiphx (ahmidaint).
AlDont 20 feet of clay was shown. Bricks, tiles, drain-pipes, and flo-\ver-
pots are manufactured.
Below King's Hill, west of Swindon, the Exogyra-hed, and
Portland Sand with doggers below, have been exposed in the
road and bank-cuttings. The Kimeridge Clay ii3 worked further
on at a brickyard, where the upper loamy beds are seen.
A section showing the irregular junction of the Purbeck Beds
where they rest on the SanJs with the Swindon Stone, is given in
Fig. 138, p. 276.
The highest portion of the Portland Beds was shown at the
eastern side of the great stone-pits at Swindon. There the
following section was to be seen :
—
Ft. Ik.
( 9. Bubble, &c.
8. Pale marl.
Purbeck Beds { 7. Grey clay with, pebbles.
Marl and greenish clay with
boulders.
' 5. Chalky beds.
4. Oolitic limestone (Roach) with
casts of Cerithvum, Neritoma,
sinuosa, Gytherea rugosa, Pleuro-
mya tellina, Trigoniu gibbosa,
&c. - - - 5 to 6
3. Irregular grey clay.
2. Hard sandy limestone with oasts of
shells near top - - 2 to 3
1. Sands with indurated bands, false
bedded (Swindon Stone)
.
Mr, Hudleston suggests to me that Bed No. 4 may be on the
horizon of the Lower Cyrena-beds of the Vale of Wardour. Its
position beneath chalky beds strengthens the indications of the
fauna.
A specimen of Neritoma, described by Morris, showed old
colour-markings distinctly on its surface.f
At Coate, to the south-east of Swindon, a quarry to the north
of the road showed the following beds :
—
Ft. In.
{Fissile sandy beds - -10
Calcareous sands - - - 3
Sandstone - - - 1
Eoach-beds and sandy limestone - 6
Upper Portland
^
Beds. ^
* Trans. Geol. Soc, ser. 2, vol. iv. p. 267.
t Quart. Journ. Geol. Sos.; vol. v. p. 333.
E 82428.
Plenrototearia rugata.
Cardium dissimile.
Lima rnstica.
Modiola.
Upper Portland
Beds,
216 UPPER OOLITIC ROCKS OF ENGLAND :
The section here has also been described by Ramsay* and by
Prof. Blake ;t and the following are the more abundant fossils
from the Roach beds :
—
Pecten lamellosus.
Pleuromya tellina.
Trigonia gibbosa.
inourva.
Prof. Blake records Ammonites Boisdini, A. boloniensis, A.
pectinatus, and other fossils ; as he remarks, the beds correspond
with those seen in the lower part of the Swindon quarry, the
sandy beds of Coat? representing the Swindon stone series thiit
overlies the fossiliferous beds (No. 6, p. 213).
At Bourton, to the south of Shrivenham railway-station, there
is an outlier of Portland Beds, and stone has been quarried in places.
The section was described by Ramsay, and is as follows :
—
%
Ft. In.
Soft- thin-bedded chalky oolite, with
grains of sand - - - 8
Hard bluish limestone, with pebbles
of lydian stone and white quartz
:
Ammonites " giganteus," Gardium
dissimile, Ostrea, Pleuromya, Trigonia
gibhosa, &c.
[_ Yellow sands.
Here the basement-limestone (No. 6, p. 213, of Swindon), rests
on sands, but I was unable to observe their thickness. They
probably belong to the Lower Portland Beds, and in this case
indicate conditions somewhat dififerent from those of Swindon,
where clay directly underlies the fossiliferous limestone.
Cnlham, Garsington, Shotover, and Great Milton.
In the area to the south and south-east of Oxford we find
evidence of several outlyiiig masses of Portland Beds, and it
a,ppears probable that the rocks exposed at Great Milton are
continuous underground with those of Thame and Aylesbmy.
That these beds do not, however, extend below the Cretaceous
rocks near WalHngford seems evident from the record of the
well-boring at ShiUingford, to which attention has already been
drawn (p. 127).
In the general section taken from Faringdon across country to
the south-east of England (Fig. 145, p. 299) the structure indicates
a syncline in the Jurassic rocks that may extend in a north-
easterly direction beneath the range of the Chiltern Hills. Hence
the Portland Beds from Great Milton to Aylesbury may form
an irregular basin of strata, and the Kimeridge Clay and under-
lying Jurassic rocks may in succession occur directly beneath the
Cretaceous covering as we proceed towards the south-east from
the neighbourhoods of Thame and Aylesbury.
* Geol. parts of Wilts, &c. p. 25,
t Quart. .Tourn Geol. Soc, toI. xxxvi. p. 209 ; see also Etheridge, Stratigraphical
Geology and Palaeontology, 1885, p. 480.
X Geol. parts of Wilts, &c. p. 27 j see also Godwin-Austen, Quart. Journ. Geol.
Soc., vol. vi. p. 468.
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At Culliam, to the south-east of Abingdon, there is evidence of
the presence of the passage-beds from Kimeridge Olay to
Portland Beds, for John Phillips in 1860 noted the occurrence
there of fossils like those of Hartwell, near Aylesbury. (See
p. 167.) Moreover at Toot Baldon, five miles north-east of
Oulham, he noted the occurrence of beds of sand and sandstone,
with some black pebbles, and obtained from them an Ammonite
(belonging to the group of Ammonites polyplocus), also Peclen,
Cardium, and other fossils.* The occurrence of this pebbly bed
IS interesting, especially when we note the presence of lydite-beds
in the Portland rocks of Swindon, Brill, aiid Aylesbury. Further
investigation of these beds near Toot Baldon is therefore
desirable.
-
The Portland rocks form a large outher extending from
Shotover Hill to Garsington and Cuddesden ; and the lower beds
have been exposed in excavations at brickyards that are opened in
the Kimeridge Clay.
As remarked by Prof. Hull, " Over the northern part of the
hill it is seldom that the upper bed of limestone is visible, as the
iron-sands of the Lower Greensand rest generally upon the
yellow sand of the Portland ; but at the southern part of ' the
range the upper limestones occur in force." He notes a section,
one mile north of Garsington, showing white oolitic limestone
(Portland Beds) with Ostrea, Trigonia, &c. overlaid irregularlj"^
by Lower Greensand.f (See Fig. 100.) The presence of Purbeck
Beds at Garsington was observed by Fitton (see p. 278)1, and
he also noted a section near Langcombe, where the lower sandy
Portland Beds, were seen.J
Fig. 100.
Section near Garsington, south-east of Oxford.
(Prof. E. HuU.)
A.tSoil.
B.'I^pwer Greensand: Beds of variegated sands and clays, witli
lenticular bands of iron,-ore. i
C. Portland Beds : White oolitic limestone, mucli eroded at the upper
snrface, containing Trigonia, Pinna, Ostrea expansa, &o.
Shotover Hill, which lies to the east of Oxford, includes the
commons of Gowley and Horsepath, and affords some famous
sections of the Portland Beds and Lower Greensand. (See p. 278.)
* Qiiart. Joum. Geol. Soc, vol. xvi. pp. 310, 311. See also Hull,Explan. of Hor.
Sec, Sheets 71 and 72, p. 2 ; and Green, Eep. Brit. Assoc, for 1894, p. 644.
f Geol. parts of Oxfordshire and Berkshire, p. 11.
I Trans. Geol. Soc., ser. 2, vol. iv. p. 278.
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The
follows :
—
general section above Headington may be noted as
Ft. Ik.
Portland
Beds.
("White and buflp sands, oherty sandstones, fer-
Lower J ruginoiis sands with, ironstone and ochre, clay
G-reensand | and fuller's earth ; total (thickness according to
L Phillips) 80
7. Hard brown sandstone with Trigonia - - 1
6. Enbhly limestones with casts of Trigonia,
Cerithium portlandicum, &c.
5. Greenish (glauconitio) gand with shelly bands,
Oardium dissimile.
4. White sand with large spheroidal masses of
calciferous sandstone known as " sand
{ bailers" or "giant's marbles," some being
3 to 6 feet in diameter. Shelly in places,
with bored shells of Ostrea and Perna.
3. Sandy loam and pipe-clay - - - 2
2. Layer of ironstone.
1. Brown and greenish sands with some hard
masses and doggers of sandstone j shelly at
top, with Perna.
Kimeridge Clay.
I was unable to measure the thicknesses of the beds, but
Phillips has estimated that the Portland Beds at this locality are
from 70 to 80 feet thick.
Bed 7 is noted on the authority of Strickland (as quoted by
Fitton) ; it may be the bed from which Mr. Teall obtained a
specimen of Trigonia gibbosa var. damoniana*
Beds 1-3 may doubtless be grouped with the Lower Portland
Beds. From these "Shotover Sands" Prof. Blake records
Pholadomya tumida.^ From some of the large doggers Mr. James
Parker has obtained Perna, Lima, and Trigonia; and he has
found Astarte hartwellensis in the top Kimeridge Clay at
Wheatley.
The upper shelly beds of Shotover yield the following fossils :
—
Cerithium portlandicum.
Natica elegans.
Cardium di&simile.
Lucina portlandica.
Among other fossils from the
Phillips, are the following :
—
%
Ammonites pectinatus.
trifldus (triplex).
Littorina paucisulcata.
Pleurotomaria rngata.
Ostrea expansa.
Pecten lamellosus.
Trigonia gibbosa.
Portland Beds, recorded by
Modiola ungnicnlatus.
Perna mytiloides.
Pholadomya insequalis.
Pinna.
L. Ssemann in a section of Shotover Hill noted Purbeck Beds ?
above the strata with Trigonia gibbosa;^ this may have been
* Fitton, Trans. Geol.Soc, ser. 2, vol. iv. pp. 275, 278; Teall, Potton and Wicken
Phosphatic Deposits, pp. 32, &c.
f Quart. Jouru. Geol. Soc, vol. xxxvi. p. 213, and Plate VIII.
% Ibid., vol. xiv. p. 238, and Geology of Oxford, &c. pp, 326, 413, 421 ; see also
Hull, Geol. parts of Oxfordshire and Berkshire, p. 1 2.
§ De Loriol and Pellat, Mem. Soc. Phys. Hist. Nat. Genfeve, vol. xix. 1866, Plate-
l,Kg. 6
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but a general refereiJce, as no Purbeck Beds have been observed
nearer than Combe Wood, south of Wheatley. (Seep. 278.)
A mass of Portland strata appears from beneath the covering
of Cretaceous rocks at Great and Little Milton, and the stone-
beds have been worked beneath the Lower Greensand at Great
Hazeley and near Great Milton.
The section which 1 saw at Great Milton was on the eastern
side of the village, and there the following beds were to be
seen :
—
Ft.
Browii loamy soil.
fSand witli bands of wtifce and oclireous
clay, witli lignite - - 3 to 6
Buff and white false-bedded sand
with ferruginotis layers and concre-
tions
J with at base lydite pebbles
and ironstone - - - 3 to 6
"Eubbly bed ofsand with hard calcareous
sandstone and chert ; Ostrea expansa.
This had the appearance of a remanie
bed, like that described by Prof.
Blake at Great Hazeley* - 3 to 4
Clayey and shelly layer with hard
nodules - - - -
Hard calcareous sandstone, cherty in
places, passing down into grey and
greenish sandy oolitic limestone
(burnt for lime)
; with Ostrea,
Trigonia : seen to depth of -
Lower
Greensand. <
Portland
Beds.
In.
<
6
A section at Great Hazeley showed the following beds
Lower
Greensand.
Portland
Beds.
i
Ironstone ....
Ochreous and white clays with bands of
ironstone and ferruginous sand : more
sandy towards the base and false-
,' bedded ....
l_Laminated clay and ironstone,
r Fine mealy calcareous sand.
< Shelly, earthy, and sandy, oolitic rock,
L with Trigonia, &o. -
Ft.
4
15
In.
The beds were much disturbed at the surface, and the Lower
Greensand rests so irregularly on the Portland Beds that the
details shown in the sections vary considerably from time to time.
Prof. Hull noted the presence- of small pebbles of lydian stone
in sandy oolite, which rested on 2 feet of white sand. Above
the oolite there was then exposed 5 feet of chalky limestone, with
Ostrea expansa, &c. This bed he observed was sometimes
eroded.f It is the layer called " Curl" by Fitton.
Prof. Phillips mentions that " At Great Hazeley the Portland
stone has been quarried from ancient time, and it there furnishes
a limited supply of better quality than usual for building, being
of good colour and firm and equal textm-e, except for the shells,
* Quart. Journ. Geol. Soc, vol. xxxvi. p. 214.
t Geol. parts of Oxfordshire and Berks, p, II ; See also Fitton, Trans. Geol. Soc,
ser. 2, vol. iv, p. 276 ; and Blake, Quart. Jonm. Geol. Soc., vol. xxxvi. p. 213.
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which, however, mostly He in bands. A thick grey or greenish
sand is at the bottom ; over this the stony series, the lower part
workable freestone, the top hard splintery limestone, 2 feet
thick, much jointed, fit for roads and rough walling, called
' Curl,' which suggests the idea of Purbeck beds. This is
immediately followed by the iron-sand and clay series."*
Thame, Brill, and Aylesbury.
Reference has already been made to the possible underground
course of the Portland Beds beneath the Cretaceous rocks in this
neighbourhood (p. 216). At Thame there are now but few
sections of the Portland Beds to be seen, but fortunately here as
elsewhere we have the careful records of Fitton.
The following section of a pit at Barley Hill, north-east of
Thame, was recorded by Fitton :—
-t
Upper
Portland
Beds.
Lower
Portland
Beds.
Soil and loam . . . - -
Irregular concretional lumps of calcareous
stone, with green particles, interspersed in
sand : Perna, Liilwdomus, Atnmonites, &c. -
Greenish sand, with concretions of stone near
the top .....
{ Coarse stone, interspersed in sand ; with
I
Ammonites, Trigonia gibbosa, &c.
I
More compact and uniform greenish or bluish
] rock, with green particles ; like soft Kentish
I
rag. In some of the quarries it is fit for
L building . . . . .
Ft. In.
2 6
6
1
1 3
1
Sand ; with nodules of great size about 30
The Lower Portland Beds were exposed to the west of Thame,
south-west of Priestend, where a pit was opened in false-bedded
greenish-grey and buff and white sand. Streaks of clay occur
here and there, and towards the top, where the sand becomes
ochreous, there were fissile and impersistent beds of glauconitic
sandstone.
At Long Crendon the following sequence of beds may be
observed in brickyards and stone-pits :
—
Gault
Lower
G-reensand.
Purbeck
Beds.
ITpper
Portland
Beds.
Pt. In.
5
2
Clay .._--..
r Clay and sand, with ironstone-nodules -
1
\ Laminated Clay, - - - - J
f Yariable beds of marly clay, soft marly lime-
1 stone, &c , with Cyprides - - _- 4
Pale-grey and greenish marl, with Trigonia
gibbosa, Ostrea expansa, passing down into
more fossiliferous bed with Atnmonites, casts
of Trigonia gibbosa, Oardiwm dissimile, Pleu-
romya tellina, and Perna, with seam of shelly
marl at base - - - - - 4 6
Greenish and brown calcareous sandstone
about 3 6
* Geol. Oxford, &o., p. 417.
t Trans. Geol. Soc, ser. 2, vol. iv. p. 282.
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The beds below, described by Fitton as seen " on the descent
towards Thame," were as follows :—
*
Ft. In.
Upper
Portland
Beds.
2 9
Upper
Portland
Beds.
1 2
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He remarked that the lyclite-bed was not to be confounded
with one which occurs at the base of the Triffonia-heda at a
higher level ; but in this I cannot concur, for all the species above
noted are recorded by Prof. Blake himself from the higher stages
of the Portland Beds, those marked x occurring in the "Tricfonia-
beds" above the lydite-bed at Swindon, and the two species
marked ± occurring elsewhere in equivalent or higher stages,
as well as in lower stages.
Other outliers of Portland Beds occur at Muswell Hill, north-
west of Brill, at Ashendon, Nether and Over Winchendon and
Coney Hill, Waddesdon, Quainton Hill, fee. Mr. Whitaker
noted the presence of limestone on Muswell Hill ; it occurs
above the glauconitic sands.*
Sections at Quainton Hill have been described by Fitton and
others.t Mtton notes the occurrence of a large Ammonite with
a Belemnite embedded in it.
Prof. Blake describes the upper layer of the Portland Beds of
Buckinghamshire as a "compacted shell-brash," while below come
beds ^vhich he groups as " Creamy Limestones." These include
the stone chiefly quarried for building-purposes and lime ; and
they are characterized by Natica ceres. Among other fossils he
notes the following :
—
%
X Ammonitea boloniensis.
X pseudogigas.
X trifldus (triplex).
Oeritlimm portlandicum.
Katica elegans.
X Pleurotomaria rugata.
X Oardium dissimile.
Cytherea rugosa.
Exogyra bruntrutana.
X Lima rustica.
Lucina portlandica.
Oatrea expansa.
xPecten lamellosus.
xPerna Bovtchardi.
X Pleuromya tellina.
X Trigonia gibbosa.
X incurva.
X Pellati.
On a lower horizon are limestones which he terms the " Bubbly
Beds." Of the species before mentioned from the '• Creamy
Limestones," those marked x occur also in these " Eubbly Beds."
They include also the following species :
—
Ammonites pectinatus.
Cardium Pellati.
Myoooncba poi-tlandica.
Mytilus boloniensis.
Ostrea solitaria.
Trigonia muricata.
Voltzi.
Below tliese strata come the Glauconitic Beds and Lydite-bed
to which attention has already been drawn.
One of the most interesting features in connexion with these
beds is the occurrence of the conglomeratic band at the base of the
Portland Stone ; because we find a similar bed, occupying
apparently the same position, at Tisbury, near Devizes, and
* Geology of Banbury, &c., p. 47. See also Ktton, Trans. Geol. Soe., str. 2 vol
iv. p. 283.
t op, cit. p. 290 ; J. Mitchell, Proo. Geol. Soc, vol. ii. p. 6.
j Quart. Journ. Geil. Soc, vol. xxxvi. p. 216.
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Swindon, and also at Aylesbury and Hartwell, where the strata
have been so fully investigated by Mr. Hudleston,* and others.
In the Aylesbury district, as pointed out by Mr. Hudleston, the
lydite-bed rests on the Hartwell Clay ; at Swindon it rests on a
bed termed the Swindon Clay.
Much has been Avritten about the Hartwell Clay, because, as
first pointed out by Sasmann, the fossils it has yielded differ from
those of the true Kimeridge Clay ; and he therefore classed it
as equivalent to the " Middle Portlandian " of Boulogne.f
There can be no question that the clay below the Portland
Stone at Swindon is homotaxial with the Hartwell Clay, for
although tlie Swindon Clay is not so fossiliferous as that at
Hartwell, yet it has yielded some species, and the beds im-
mediately below the Swindon Clay have yielded many fossils
identical with those of the Hartwell Clay, as shown by the lists
of Prof Blake and Mr, Hudleston. Among the species thus
found are the following :
—
Ammonites biplex.
Astarte Ssemanni.
Cardinm m.orinicum.
Cyprina elongata.
pulchella.
Exogyra bnintrutana.
Myoconolia Sasmanni.
Mytilus autissiodorensis.
Mytilus boloniensis.
Ostrea bononiag.
Pecten lens var. Morini.
Perna Bouchardi.
Pinna suprajurensis.
Placunopsis Lyoetti.
Trigonia Pellati.
Hence we may admit that on stratigraphical and palseontological
grounds the Hartwell Clay belongs to the Lower Portland Beds.
Where the lydite-bed occurs the Lower Portland Beds appear
to be more distinctly separated than in other areas from the
Portland Stone, but this is a local feature, and is not the case on
the Dorset coast, where no conglomeratic bed has been observed
at the base of the Upper Portland Beds. The lydite-bed, with
its associated phosphatized fossils, thus indicates some local
change accompanied probably by a pause in the deposition of
sediment, but there is no palseontological break.
The Portland and Purbeck Beds of Hartwell and Aylesbury
have been repeatedly described by Prof. Morris,J Prof. J. F,
Blake,§ and'Mr. W. H. Hudleston. || The Beds have been opened
up at the Bugle Pit, near the Bugle Inn at Hartwell, in the
brickyard on the road to Aylesbury, and in various places at
Aylesbury and Bierton. The general section may be stated as
follows :—
1
* Proe. Geol. Assoc, vol. vi. p. 344, vol. x. p. 167.
f Ssemann in De Loriol and Pellat, Etage Portlandieu des environs de Boulogne.
Mem. Soo. Phys. Hist. Nat. Genfeve, vol. xix. 1866, pp. 189, 196, and Plate 1, Fig. 7.
J Proo. Geol. Assoc, vol. iii. p. 210.
I Quart. Journ. Geol. Soc, vol. xxxvi. p. 215 ; xxxi. pp. 211, 212.
II
Proc. Geol. Assoc, vol. vi. p. 346, vol. x. p. 167. (A fuller account of one
Excursion was printed in the "Backs Herald," for June 18, 1887.)
IT See H B.W., Explanation of Horizontal Section, Sheet 140 (Geol. Survey).
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Beds.
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of the Market Place, opposite the ' Green Man.' " The succession
is continued thus :
—
Ft. In.
3. Enbbly wliitp limestones (like Portland
" roach") with many fossils, including
some of the species mentioned above, to-
gether with. Pleuromya tellina, Myoconcha
portlandica, Unicardiimr, circulare, Gar-
diwn Pellati, Trigonia Pellati, &c. - 8
2. Yellow and greenish sands (6 or 8 feet),
with conglomerate or lydite-bed at base,
yielding Ammoniies, Cardium dissimile,
Pleuromya tellina, Serpula, &c. - - 10
1. Clays with Ammonites biplex, Belemmtes
Oweni, B. SouicM, Area longipunetata,
Astarte lia/rtwellensis, A. Scemanni, Oar-
Hartwell J div/m morinicum, Gyprina pulchella, G.
Clay. \ elongata, Ostrea Imviuscwla, Mytilus
holoniensis, Pecten lens var. Morini,
Perna Bouehardi, Plev/romya tellina,
Thraoia tenera, Trigonia Peliati.
The Portlandian conglomerate occurs in - »'isintegrated form
at a brick-pit on the Bierton Road, Aylesbury, and as a hard blue-
rock at the brickyard (Locke's pit) between Aylesbury and Hart-
well. It is composed of quartz and black siliceous pebbles known
as " lydites." These, as Mr. Hudleston remarks, may be derived,
some from Palseozoic cherts, others from indurated siliceous beds
of mechanical origin, such as are found in these old rocks. They
are extremely hard, but usually contain more alumina than true
flint. This conglomerate band is 4 or 5 feet thick, and contains
glauconite ; Mr. Jukes-Browne and I have also obtained phosphatic
nodules and some phosphatized fossils.
About 10 feet of grey micaceous clay was exposed at Locke's
brickyard, and as much as 23 feet, according to Mr. Jukes-
Browne, at the Bierton brickyard. There the clay beneath the
pebbly layer is very sandy towards the top, where it contains
glauconite, and there the shells have been destroyed by atmo-
spheric agencies. At Aylesbury, as noted by Mr. Hudleston, the
clay opened up during drainage-excavations was perfectly fresh
up to its junction with the overlying strata, and well-preserved
fossils were found in it,
No outcrop of sandy beds such as we find near Swindon has
been traced beneath the clay at Hartwell, for ihe " Portland
Sands," marked on the Geological Survey Maps, and on the
Sections between Stone and Coney Hill, belong to the beds above
the conglomerate. The record of a well-boring at Stone is
given on p. 337. This record, however, is not sufficiently precise
to enable us to fix the horizons of the beds with certainty. It is,
moreover, evident that the sands of the Lower Portland Beds are
gradually replaced by clay as we proceed northwards. At Brill,
beneath the lydite-bed, there is 3 feet of brown and greenish
sand, which passes down gradually into stiff blue clay, yielding
Ammonites biplex, Thracia, &c., and is not separable from the
Kimeridge Clay.
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A section noted by Mr. A. Strahan on the new Metropolitan
Extension E.ulway near Bishopstone, showed beneath the Gault,
with its coprolite-bed, the following tipper Portland Beds :
—
Limestone witli hard layer at base (6 to 8 ins,)
iSand [Equivalent to bed 4 in tbe Section p. 224.]
Limestone - . - -
Hard blue shaly stone seen to depth of .
Ft. In.
- 3 6
- 5
- 2 6
- 3
The Portland Bsds had a slight dip towards the south-east, so
that the Gault overlapped the top limestone to the north and
rested directly on the sand. Judging by this'section the Portland
Beds may extend some distance beneath the Cretaceous covering
towards Wenddver. (See p. 216.)
The following species from the Upper Portland Beds of
Aylesbury and Hartwell, include those in the collection of the
late Dr. John Lee (L.), determined by Messrs. Sharman and
Newton (1888) ; and those recorded by Mr. Hudleston (H.). The
numbers 1 refer to the Lydite-bed ; 2 to the Rubbly Beds, and
3 to the hio-hcr strata :
—
Ammonites biplex. 1 (H.\
2 (H.).
boloniensis. 2 (H.).
giganteus. (L.)
pseudogigas.* (L.)
triplicatus. (L.)
Natioa ceres, 3 (Blake.)
elegans. 2 (H. L.).
incisa. (L.)
Neritoma, n. sp. (L.)
Pleurotomaria rugata.
l(H.P), 2(L.).
Pseudomelania coUisa. (L.)
Trochus. 2 (H.).
Area. 2 (H. L.).
Cardium dissiraile. 1 (H.).
2 (H. L.).
Pellati. 1, 2 (H.).
Cypriua elongata. (L.)
Bxogyra bruntrutana. 2^(11.).
Lima boloniensis. 2 (H.).
rustica, 2 (H. L.).
Luclnr,. 2 (H.).
Modiola nnguiculata. 1 (L.).
Myoooncha portlandica.
2 (H.L.).
Mytilns boloniensis. 2 (H.).
jurensis. 1, 2 (H.).
Ostrea expansa-. (0. falcata
of Morris), 3 (L.).
Pecten lamellosus. 1 (L.),
2 (H.).
solidus. 1, 2 (H.).
Perna Bouohardi. 2 (H. L.).
Pholadomya tumida. (L.)
Pleuromya tellina. 1 (H. L.),
2 fH.).
Yoltzi. 1 (H.).
Quenstedtia. 2 (H.).
Sowerbyalongior. 2 (Blake).
Thraoia depressa. (L.)
Tri.o-onia Oarrei. 1 (H.).
— gibbosa.
(H.L.).
— iucurva.
— Mansoli.
Surv.).
mtirioata.
Pellati. 1
tenuitexta.
1 (H.)
1 (H.).
3 (&eol.
(L.)
(H.).
(L.)
Unicardium oirculare.
(H. L.).
Eryma. (L,)
Vermilia quinquangularis. 1
(H.).
The following is a list of fossils from the Eartwell Oiay,
Including species in the collection of the late Dr. Lee (L.), deter-
mined by Messrs. Sharman and Newton, and those recorded by
Prof. J. F. Blake (B.) and Mr. Hudleston (H.) :—
* Phillips recoriled A. gigas from Aylesburj, Geol, Oxford, &o., p. 331.
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Crocodilian tootb, (L.)
Ammonites biplex. (L.)
rotundus. (L.)
Belemnites nitidns (explanatus)
(J. Phillips.)
Oweni. (L.)
Souichi. (L.)
Alaria. (L.)
Cerithium crebrum p (L.)
—
— multiplicatum. (L.)
Ohemnitzia Beaugrandi. (L.)
Dejphinula, n. sp. (L.)
Littorina. (L.)
Neritopsis delphinula. (L.)
Pleurotoniaria reticulata. (L.)
Aiiatina, n. sp. (L.)
Anomia DoUfusi. (B.)
Area longipunctata. (L.)
semula (mosensis.) (B.)
rhomboidalis. (B.)
Astarte hartwellensis. (L.)
—
— (Lucina) lineata. (H.)
mysis. (L.)
Ssemanni. (L.H.)
Avicnla. (L.)
Carditim morinicum. (H.)
Btriatulum. (L.)
Corbula Deshayesea (L.B.)
Oyprina elongata. (L.)
implicata. (H.)
pulohella. (L.)
Cytherea, n. sp. (L.)
Bxogyra bruntrutana. (H.)
Lima duplicata. (L.)
rustica. (L.)
Myoconclia Ssemanni. (L.)
Myoconclia tcxta. (L.)
Mytilus autissiodorensis. (H.)
boloniensis. (L.)
pectinatus. (L.)
Nucula Monkei. (B.)
Ostrea bononias. (H.)
duriusonla. (L.)
Iseviuscula.
(= 0. deltoidea of Morris.) (L.^
Pecten lamellosus. (L.)
lens var. Morini. (L.)
nitescens. (L.)
Thurmanni. (B.)
Perna Bonchardi. (H.)
Plambarti. (L.)
mytiloides. (L.)
Plioladidea. (? boring in lignite.)
(L.)
Pholadomya Protei. (L.)
Pinna granulata. (L.)
snprajurensis. (H.)
Placunopsis Lycetti. (L.)
Pleuromya tellina. (H.)
Thracia depressa. (L.)
tenera. (H.)
Trigonia Pellati. (H.)
Lingula OTalis. (L.)
Rliynohonella snbvariabilis. (H.)
Waldheimia boloniensis. (L.)
Eryma. (L.)
G-lyphea. (L.)
Pentacrinus. (L.)
Cristellaria nummulitica. (L.)
rotulata. (L.)
Nodosaria (cf.) raphanistrum.
(L.)
In the irregular outlier of Oving and at Whitchurch to the
north of Aylesbury, there are ,several quarries in the Purbeck
and Portland Beds, and in one between the two villages the
fo'Howing section was to be seen :—
*
Ft.
Thin grey soil - - - -06tol
'Grey and wHte marls with impersistent in- ~|
durated bands passing down into - " L *;
Hard compact limestone and calcareous f
gritty rock - - - - - J
Brown calcareous sands with casts of shells - 2
Grey clay ... -
.Clay and comminuted shells, [Oyprides] - 1
"Shell-bed with Trigonia, Oardmm dissimile 6 to
Shelly clay
Yery tough brown and grey limestone com-
pact and blue-hearted - . 1 to 1
j Shell-bed with large Ammonites, some 3 feet
Ptrbeck
Beds. {
Upper
Portland<
Beds
In.
3
6
8
6
across, Peoten lamellosus, Pleurotomaria, &c.
about 2
Cyprides were observed by Prof. Green in the lowest bed of
clay here grouped with the Purbeck Beds. Their presence,
* See also section by Fitton, Trans. Geol. Soc, ger. 2, vol. iv. p. 291.
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however, as shown by the evidence at Hartwell affords no
criterion for fixing a plane of division.
The hard grey limestone near the base is quarried for building-
stone and road-metalj and it is burnt for lime. Many old walls
in Whitchurch have been constructed of the shell-beds, but they
weather badly. The building-stoae is grouped by Prof. Blake with
the " Creamy Limestones," and he remarks that " a large part of
the village of Whitchurch has this for its natural paving."*
Below these beds the following strata have been noted by
Prof. Green :
—
Ft. In.
rSoft light brown sand - - - - 8
Upper Hard white limestone with A''^''>wfi'iies
Portland " giganteus," &o. - - - - 6
and < Yellowish sandy clay -
'
-
-
- 6
Hartwell Sandy and .ferruginous clay with lydites - 0, 4
Olay. Light blue and yellow clay with lydites - 4
LDark bluish-black clay.
He has remarked that to the south of Creslow, east of Whit-
church, " quite low down in the valley is a mass of Portland
Stone, from which a powerful spring breaks out." Whether this
mass was slipped or faulted was uncertain.
The Lower Greensand at Oving and Whitchurch lies irregularly
on the Purbeck and Portland Beds.
There is an outlier of Portland Beds at Weedon, south of
Hardwick, described by Prof. Green as comprising limestones
with intervening masses of sand as at Whitchurch ; and inlying
portions of the beds have been traced beneath the Gault, between
Oublington and Wing, and they outcrop for the last time about a
mile south of South End, Stewkley.
Fitton has given a section of a pit at the Warren, south of
Stewkley, which showed 2 or 3 feet of Purbeck Beds resting
on Portland Beds, as follows :
—
Purbeck Beds. Clay and rubbly limestone "^
fMarly limestone, with Ostrea ^xpansa. Ft. In.
TT«r,Q-n p,,^n«.n,^ I Pecten lamellosus, Trigonia, Pleitroto-
Beds "^ maria, la.rge Ammonites, &o.. - 6
I
Yellowish grey sand about - - 7
LDark grey stODS, nodular in character 2 '0
Mr. Jukes-Browne observes that Portland Beds appear to have
been reached in a well at North Oottesloe at a depth of 20 feet,
and Prof. Green notes that Portland Beds were formerly quarried
east of Oublington.
Fitton has stated that at Dunton the lowest bed above noted,
is represented by a rubbly calcareous stone, alternating with sand,
the whole full of green particles, with small pebbles of black flint
(lydite). Below these occurred a green rook, with large
Ammonites, Perna, &c., about 2 feet thick, and still lower 3 feet of
green stone had been opened up.f
* Quart. Journ. Geo). Soc, vol. xxxvi. p. 216.
t Trans. Geol. Soc, scr. 2, vol. iv. p. 292.
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Prot. Green was unable to find any evidence of Portland Beds
in situ at Dunton and Hogston. He observes that " The Drift
about Hop;ston is very sandy, and may have been mistaken for
Portland Sand, and in many places pebbles and even large blocks
of Portland Limestone lie in the Drift and might have given rise
to the idea of there being Portland Beds in place."
We have now come to the north-easterly termination of the
Portland Beds that have been [)roved in the area under con-
sideration. It is possible they may extend some way eastwards
beneath the Dunstable and Luton Downs, but we have no evidence
that this is the case. Some account of the strata that overlie the
Kimeridge Clay in Lincolnshire v/ill be given in the next
Chapter ; at present no definite e-vidence of Portlandian Beds in
situ has been obtained in that region, although derived fossils
occur in the nodule-bed at the base of the Spilsby Sandstone.
Particulars of the Yorkshire beds have been given by Mr. Fox-
Strangways.*
Sussex and Kent.
Beds of Portlandian age were probably passed through in the
Sub-Wealden boring, but nothing distinctively characteristic of
the beds was obtained. The beds evidently vary within short
distances, for one record given of these beds describes them as
follows :
—
t
Thickness.
Ft. In.
Sandy shale with chert - - - 23
Sand and soft whitish sandstone - - 52
Darker sandstone - - - - 6
Depth.
Fi. In.
200
252
257
It is possible that some portion of the underlying sandy shales
may represent in part the Lower Portland Beds or the passage-
beds from Portland Beds to Kimeridge Clay. Indeed, in Mr.
Topley's account of the first boring (p. 346) a thickness of 110
feet was doubtfully assigned lo the Portland Beds, and it is
possible that a greater thickness might be included ; elsewhere
250 feet of Portland Beds has been recorded.
At a depth of 206 feet the sandstone was streaked with shale.
Serpula was found in some of the specimens.
In the Dover boring, the record of which is given on p. 342,
Prof. Boyd Dawkins has assigned a thickness of 32 feet to
Portlandian Beds (depth; 505 to 537 feet), though the evidence
of a Rhynchonella and an Exogyra (species not given) affords no
clue to the age of the strata. The attenuation of clayey
Kimeridgian beds is remarkable.
* Jurassic Rocks of Yorkshire, vol. i. p. 379.
I Topley in Dixon's Geol. Sussex, Ed. 2, p. 154 ; see also pp. xxiii. and 6.
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CHAPTER XIII.
PuKBECK Beds.
(puebeokian.)
General Account op the Strata.
These strata take their name from the so-called Isle of
Purbeck, in Dorsetshire, where they are well exposed in the cliff-
sections of Durlston and Worbarrow Bays, and where inland the
beds of Purbeck Marble and Swanage Stone have been worked
for long ages.
As a stratigraphical term, the name Purbeck Beds was
employed in 1811-12 by Thomas Webster, and the term Purbeck
Stone was used by William Smith in 1812.
The Purbeck Beds comprise a series of clays and shales with
" Beef," marls, marly, tufaceous, and shelly limestones, and occa-
sionally of granular oolitic beds, and sandy strata. In thickness
the series varies from about 80 or 90 feet in Wiltshire to nearly
400 feet in Dorsetshire.
The term " Beef" applied by workmen to the seams of fibrous
carbonate of lime, was so given from " the resemblance of its
small and parallel fibres to the fibres of animal muscle."* It often
presents cone-like structures, similar to that known as " cone-in-
coue."t
Pseudomorphous crystals of rock-salt were noticed by H. W.
Bristow in the Lower Purbeck Beds of Durlston Bay and
Lulworth Cove ; and similar pseudomorphs have been observed
in the Vale of Wardour.f Gypsum also occurs, and here and
there we find nodules of Chert.
It is remarkable that in general lithological characters we find
much similarity between the Rhsetic Beds and the Purbeck Beds,
and a glance at the cliffs in Durlston Bay calls to mind the
Rhsetic Beds and Lower Lias of Watchet, Blue Anchor, and
Penarth. The grey marls with gypsum, the black shales with
"beefi" a band with rude arborescent markings (recalling the
Cotham Marble), and occasional beds like White Lias, are all to
be found in the Purbeck strata of Dorsetshire ; and some of the
beds in Dorsetshire and Wiltshire, termed " Lias " by the quarry-
men, closely resemble the argillaceous limestones that form the
basement-beds of the Lower Lias.
The band with the rude arborescent markings occurs in the
" Soft Cockle Beds " of Bristow's section,§ and about the horizon
marked by him as a " Hard brecciated Limestone," above the
* Buckland and De la Beche, Trans. Geol. Soc, ser. 2, vol. iv. p. 11.
t See Memoir on the Lias of England and Wales, p. 308.
t Andrews and Jukes-Browne, Quart. Journ. Geol. Soc, vol. 1. p. 52.
§ Vertical Sections, Geol. Survey, sheet 22, No. 1.
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" Soft blue shaly Marls " that contain the main masses of gypsum.
My attention was first attracted by small slabs on the beach, for
these showed the mammillated surface shown in Fig. 103, that is
so characteristic of the Gotham or Landscape Marble. On
breaking the stone, it presented the appearance shown in Fig.
102. This thin bed of stone occurs in impersistent layers, in the
first exposure of the Lower Purbeck marls north of Durlston
Head, and the features it presents are of interest when studied in
connexion with the Landscape Marble of Cotham. They may
serve to throw light on the formation of more or less nodular
masses of stone. In the case of the Landscape Marble, T have
been led to suggest that the arborescent markings were produced
by the disarrangement of dark and pale bands of calcareous mud,
during the solidification of the stone, and that the mammillated
surface was rucked up in the course of the process, when individual
portions of the calcareous mud shrunk into isolated nodular
masses.*
Somewhat analogous features were produced in the Purbeck
Limestone known as the Outlet, found near Battle, an example
of which is shown in Fig. 104, p. 232.
The irregular nodular masses of argillaceous limestone found
in .the Lower Lias are well known, but the rock being, home-
geneous, no particular structure is shown in the mass. Where,
however, the original sediments were banded with layers of
Fig. 102.
Limestone, Lower Purheek Bed^i Durlston Head.
* Geol. Mag.; 1893, p. 110. See also Memoir on the Lia? f-f Eoglandaod Wales,
p/30, and B. Thompson, Quart. Jonrn. Geol. Soc, yol. 1. pp. 393, 409, &c.
£ 82428. o
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Fig. 103.
Mammillated sv/rface of Limestone, (Fig. 102), Lower Purheele Beds,
LiMieton Bay.
Fig. 104.
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different tints, and afterwards solidified, then, in some cases, we
find a simple banded limestone, and, in other cases, where the
sediment was concreted in isolated masses, we find the raammil-
lated surfaces and the irregular markings that in some instances
assume an arborescent character. Even in the Gotham Stone,
many obscure forms of arbor<j8cent marking may be found, but,
as a rule, only the ornamental varieties are polished, and these
only come under general notice.
Curious trifid, vermiform, and fucoidal markings occur on some
of the beds, especially in Durlston Bay ;* and large ripple-marked
slabs, of which an example is preserved in the Museuin of Prac-
tical Geology, occur in the Middle Purbeck Beds of the same
locality. Ripple-marks have also been noticed in the Upper
Purbeck Cypris Shales, of Mupe (Mewps) Bay, and I have
noticed similar markings in the rocks of the Vale of Wardour.
Granular beds, having an oolitic appearance, occur in the
Lower Purbeck Beds at Ringsfead, Portisham, and in the Vale
of Wardour. Mr. Teaill remarks that the Ringstead rock com-
prises mud-pellets, with or without thin coatings of radial (oolitic)
carbonate of lime. Where two or more mud-pellets are in
contact, there is no distinct line of demai"cation, and there is no
matrix.
Prof. Rupert Jones, who previously examined another specimen
which I collected at Ringstead, found it to consist " of a mass of
small roundish granules and Oyprides {Cypris purbeckensis) coated
more or less with calc-sinter, including also small tubes
{Serpulce ?). This is comparable with a similar Purbeckian bed
near Boulogne."t The disintegrated " Portland Stone " from
Fonthill Giffard, described by J. A. Phillips, bears some resem-
blance to the granular Purbeck beds, but is much finer in grain.
About a quarter in bulk of that material was found to consist of
rounded quartzbse sand, and this was associated with, but not
enclosed by ovoid grains of calcitcf
Microscopic Structure of Purbeck Rocks.
A granular limestone from Portisham, exifimined by Mr. Teall, was
" Mainly composed of pellets which may contain traces of Girvanella.
These pellets are often surrounded by a thin zone of oolitic character
(concentric and radiate). The interspaces are mostly empty."
A granular limestone from the Lower Purbeck Beds, east of Lulworth
Cove, examined by Mr. Teall, showed " Mud pellets often taking the form
of rioe-grains. Sometimes where two or more are in contact they appear
to blend. At other times one appears as if pressed into the other. The
matrix is Qne-grained, clear crystalline caloite."
A brown shell-limestone from the " Hard Cockle Beds " of the Lower
Purbeck Beds at Mupe Bay, showed "Sand-grains, organic fragments,
oolitic grains, and more or less rounded pellets (showing Oi/rvoMella-
structure P) in a fine-grained crystalline matrix. Some of the fragments
* T. K. JoneB, Quart. Jonm. Geol. Soc, vol. xli. p. 323.
f Quart. Joum. Geol.. Soo., vol. xli. p. 826. See also Proc Gcol. Assoc., vol. viii.
p. 58 ; and Bull, Soc. G^ol. France, ser. 3, vol. viii. p. 616.
It Quart. .Tourn. Geol. Soc, vol. zzxvii. p. 16. A sample of this material is
preserved in the Museuin of Practical Geology.
Q 2
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have a narrow coating of oolitic material, showing concentric and radiate
structure."
An earthy limestone from Teffont Evias, showed "slender organic
remains in a fine-grained granular calcareous matrix."*
The calcareous sandstone froiii near Battle showed "quartz grains
cemented by calcareous matteri"
Chert,
Nodules of chert occur in the Lower and Middle Purbeck
Beds of the Isle of Purbeck, Portisham, the Vale of Wardour,
Sussex, &c. Specimens from Portisham and near Battle,
examined by Mr. Teall, showed chalcedonic silica; the rock from
Sussex contained stems of Chara and an agate-like structure
around cavities, A specimen of chert or flint from the lower part
of the Purbeck Beds in Chilmark quarry, in the Vale of Wardour,
was examined by Mr. W. H. Hudleston, who observed that it
showed portions of marly limestone partially, silicified, sealed
together with piu-er chalcedony. The rock contained oolitic
granules, a fragment of shell, and valves of Cypris : some of
the oolitic granules of characteristic type were immersed in more
or less pure chalcedony. Hence the flint resulted from the silicifi-
cation of calcareous matter. Another specimen of oolitic chert
from Chilmark examined by Mr. Teall, showed the oolitic grains
to be partially silicified, the inner portions of the grains being
calcareous, t
Spicules of a sponge named Spongilla purheckensis by Mr. J. T.
Young, were obtained from the Purbeck chert at Stair Cove.
J
In reference to these Dr. Hinde remarks that " The spicules are
exceedingly numerous, so as to constitute the main portion of the
chert in which they occur." § It is interesting to know that in a
MS note by Edward Forbes, he mentions the occurrence of
Spongilla ? from the Purbeck Beds of Dorsetshire.
Relations of the Purbeck Beds with Strata above and below.—
Method of Formation.
The Pur.bepk.;Bjeds in mqst places rest copforma)3jy on the
Portland Beds, and. are overlaid conformably by the . Wealden
Strata.
Thg junction with the IVealdeiJ Beds shows a much, more
gradual passage Jih^n t^iat betwee^ the Purbeck andjiPortland
Beds, and yet on the wholsjias remarked by Sedgwick,<tlie general
lithological characters of the Purbeck Bed?Beein to liijite them
morecloselywiththestonyp0rtlahdBeds.il
Many.authorities foUowjjjg Webster and Fitton,:amQagst whom
Godwin-Austen, Oppel, and Ramsay, grouped the) Purbeck Beds
with the Wealden, for palsentologically by reason of ' their fresh-
* See also Sorby, Quart. Joum. Geol. See, vol. xxxv. (Proc), p* 79.
t Proc. Geol. Assoc, vol. vii. p. 181, and Plate I., Big. 1. •
i Geol. Mag., 1878, p. 220.
§ British Jurassic Sponges, Fal. Soc, p. 219.
II
Ann. Phil., vol. xxvii. p. 34*.
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water fauna they are more intimately connected with that
formation.*
That some beds like the Purbeck Marble were of freshwater
origin was pointed out long ago by John Woodward, and in 1812
by Webster, who later on observed that the beds contain a
mixture of freshwater with marine shells.
Edward Forbes who made a study of the Purbeck Beds in 1849
and 1850 in company with Bristow, did not recognize any passage
from the Portland into the Purbeck Beds In the Isle of Purbeck,
and observed that the top beds of the Portland series were
marine, the lowermost Purbeck Beds purely freshwater. At the
same time he concluded that the Purbeck Beds were connected
with the Oolitic group rather than with the Cretaceous, and he
was evidently influenced by his discovery of the Echinoderm
Hemieidaris purbeckensis, which he found in a layer above the
Cinder Bed (with Ostrea distorta).^ The same view is taken by
De Loriol, and also by Coquand, Contejean, and others; while
the more recent researches of Pavlow and others, on the marine
equivalents of the Purbeck Beds, tend to show that then- affinities
are rather with the Jurassic than with the Cretaceous system.
On the whole it may be said that the marine fossils ally the
Purbeck; Beds with the Portland strata, and the freshwater fossils
link them with the Wealden Beds. The vertebrate as well as the
invertebrate remains have Jurassic as well as Wealden affinities.^
The fish-fauna as remarked by Mr. Smith Woodward shows a
close connection with the Upper Jurassic lithographic stones of
France, Bavaria, and Wurtemburg.§
Hemieidaris purbeckensis occurs in the zone oiAmmonites gigas,
Lower Portlandian, of Boulbgne-sur-Mer.
The Purbeck Beds mark changing conditions ; freshwater
limestones, botryoidal and tufaceous in character, like beds of
travertine, are succeeded in places by evidences of land vegetation
in the now silicified remains of Cycads and Conifers. The Lower
Purbeck Beds indicate freshwater and terrestrial conditions,
which may have been marked by a lake or series of lagoons, for
they were attended locally by the deposition of gypsum. Sub-
sequently an irruption of the sea in Middle Piu"beck times allowed
the incursion of marine forms like the 'jPecfew, Thracia, Trigonia,
Avicula, and Hemieidaris, These were succeeded by a gradual
change from brackish to freshwater conditions in Upper Purbeck
times, when the Unio, Limnaa, Physa, Valvata, Paludina, and
Planorbis flourished. The freshwater Purbeck Beds were
* Fitton, Trans. Geol. Soc, ser. 2, vol. iv. p. 159. See also Webster, Ihid., vol. ii.
pp. 40, 44, and Ann. Phil., vol. xxv. p. 47; Mantell, Geol. I. of Wight, ed. 3, 1854,
Table, p. 42 ; Marcou, Geologist, 1859, p. 1 ; Dr. C. Struokmann, Geol. Mag.j 1881,
p. 556. ' - . , ...
t Forbes, Decade III., Geol. Survey, Plate V. j and Eep. Brit. Assoc, for 1850,
p. 80 ; P. dc Loriol and A. Jaccard, Mem. Soc. Phys. Hist. Nat. G'en&ve", vol. xviii.
p. 112. .
J Lydekker, Quart. Joncn. Geol., Soc, vol. xlvi. p. 49. See also Judd, Eep.
Brit. Assoc, for 1870, p. 77.
§ Proc. Zool. Soc, 1890, p. 346.
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succeeded gradually by the great accumulations of Wealden strata
formed by river agency, but whether distributed over the bottom
of a huge lake, or as a delta deposit, is a somewhat debatable
subject.
Godwin-Austen remarked that " the changes in the Purbeck
series are readily accounted for by reference to areas of water
such as occur on the American coast at present, and which msiy
be salt or brackish, according to the extent to which the sea-
waters are excluded by sand-bars from mixing with the fresh
waters flowing from the land."* Indeed Forbes in his early
account of the Purbeck Beds, indicates nine or ten alternations
of freshwater, brackish water, and marine conditions in the
Purbeck Beds ; and remarks that they are not marked by any
striking physical characters or mineral changes.f Brackish-
water conditions were indicated by the occurrence of Corbvla,
Cyrena, Cardium, Melanopsis, and Rissoa, and perhaps by the
Ostrea distorta.
No zones are recognized in our Purbeck Strata, though judging
by the position in the peries, they may be equivalent to beds on
the Contioent with a marine fauna, and grouped in the zone of
Ammonites transitorius ; while in Lincolnshire and Yorkshire
they may be in part equivalent to the zone of Belemnites lateralis
of the Spilsby Sandstone and Speeton Beds.
Organic Remains.
The Purbeck Beds have yielded an exceedingly varied series
of fossils. Perhaps of the highest interest are the Mammals,
which at present have been obtained only from the base of the
Middle Purbeck Beds of Dtirlston Bay—in a thin earthy or
" Dirt " layer—in the very bed in which Forbes suggested they
mifiht be found.J
We are indebted to W. E. Brodie, of Swanage, and Charles
Willcox, for the discovery of Spalacotherium in 1854, and two
years later S. H. Beckles obtained a number of additional forms,
including Plagiaulax. These fossils are far from abundant, and
long and patient search may be unrewarded. In 1880, after 10
days' search, Mr. E. W. Willett obtained one specimen of
Triconodon mordax.
At least 12 genera and 22 species of Mammals have been
described. They are Marsupials, insectivorous and herbivorous
in habits, and are of diminutive size. The principal genera, such
as Spalacotherium, Triconodon, and Plagiaulax, have been de-
scribed by Sir Richard Owen and Dr. H. Falconer.
Until recently no such remains had been found in the Wealden
formation, and it Is therefore interesting to note that a specimen
described by Mr, A. Smith Woodward as Plagiaulax Dawsoni,
* Rep. Brit. Assoc, for 1872, Sections, pp. 92, 93. See also Meyer, Quart. Journ.
Geol. Soc, vol. xxviii. p. 244 ; and Bamsay, Address to Geol. Soc, 1864 p. 32 ;
and Physical Geology and Geography of Great Britain, ed. 6, 1894.
+ Eep. Brit. Assoc, for 1850, p. 81.
X Geikie, Memoir of Edward Forhes, 1861, pp. 460, 461.
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Ptjrbeck Mammals.
Fig. 105.
I
—
-..
Pro. 106.
MAflft ^. I, '^ *kS C
Fig. 1 7.
Fig. 106. Plagiaulax Becklesi, Fide., 2.
Middle Purbeck, Swanage.
„ 106. Triconodon mordax, Owen.]
Middle Purbeck, Swanage^
Lower jaw and teeth.
„ 107. Spalacotherium trionspidens, Owen,
Middle Purbeck, Swanage.
a, h. Imperfect left ramus of mandible.
c, d. Lateral and upper views of a molar tooth.
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and another, described by Mr. Lydekker as Bolodon, have been
obtained from the Wadhurst Clay, near Hastings.*
No traces of Birds have as yet been found. Remains of Frogs
were recorded from the Purbeck Beds of Swindon, by Charles
Moore,t but their occurrence is considered exceedingly doubtful
by Mr. E. T. Newton.
Among the fossils from the Purbeck Beds the Saurian remains
are important. The Dinosaurs include Iguanodoil and Nuthetes ;
then we have the " Swanage Crocodile," Goniopholis crassidens,
and the dwarf Crocodiles known as Nannosuchus and Theriosuchus.
Owen estimates the average length of a mature Theriosuchus at
eighteen inches. Turtles have been obtained mostly from the
quarrymen, as they occur in the stone-beds : they include Treto-
sternum, Pleurosternum concinnum, P. Bullocki, and Chelone
obovata, some fine specimens of which are preserved in the
museum at Corfe Castle. The Fishes include Asteracanthus
verrucosus, Oaturus, Coccolepis, Hyhddus, Lepidotus, Macrosemius,
Ophiopsis, and Pleuropholis, and they are mostly found in the
stone-beds worked at the quarries. Specimens occur at various
horizons in the Purbeck Beds, and some of the best preserved
examples have been obtained from the neighbourhood of Teffont
Evias, in the Vale o£ Wardour.
It was the intention, of Edward Forbes to publish an account
•of the Invertebiata of the Purbeck Beds of Dorsetshire ; and he
had assigned names to a number of new species of Mollusca,
which he was the first to disoover.J Some of these have been
figured in Lowry's Chart of Characteristic British Fossils, and
others in works published on the Continent. They all belong to
living genera, and taken by themselves, possess a Tertiary or
«ven recent aspect.
Reference has already been made to the principal genera of
Mollusca found in the Purbeck Beds, but it may be mentioned
that Mr. Carruthers has described, under the name Teudopsis
Brodiei, a cuttle-bone from these strata in Dorset. §
Insects are represented very fully by remains of Coleoptera
Orthoptera, Diptera, Neuroptera, and H.emiptera. To the various
remains very numerous names were applied by Prof. Westwood,
||
•and for our knowledge of these we are chiefly indebted to the
Rev, P. B. Brodie: There were Butterflies, Beetles, Dragon-flies,
Locusts, Grasshoppers, Ants, and the earliest known Aphides
;
forms that are considered to indicate temperate conditions.
At Durlston the 'Insect-remains occur most abundantly in the
Lower Purbeck Beds, elsewhere they are found in Middle Pur-
beck strata.
* Proc. Zool. Soc, 1891, p. 585; and Quart. Joum. Geol. Soc, vol. xlix. p. 281.
t Proc. Cotteswold Club, vol. ii. p. 192 j and Proc. Geol. A8soe., vol. iv. p. 544.
j Some figures.of Purjjeok fossils will be fonnd in the works of Fitton, Trans.
'Geol. Soc, ser. 2, vol. iv. Plates XXI. and XXII. ; Mantell's Geological Excursions
xound the Isle of Wight, ed. ^ ; and Damon's tiupp. to the Geology of Weymouth,
i&c, ed. 3, 1888.
§ Quart, Joiu:n. GeoJ. Soc.,. vol. xjcvii. p. 44?.
i\ /»>i., vol. X. p. 391.
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Fia 108.
Fig. 113.
purbeok mollusca.
Fig. 109. Fig. 110.
Fig. 112.
Fig. 111.
Fig. 115.
Fig. 116. Fig. 117.
Fio. 108. Melanopsis liarp89formis, Bimk. Nat, sizet
„ 109. Physa Bristovii, Forbes. Nat. size.
„ 110. Falndina elongata, Sow. Nat. size.
„ 111. carinifera, Sow. 2.
„ 112. OortaJa alata, J_^ 8,ovi. Nat, size,
„ 113. —rsp. 2. . ,
^
_
„ 114, Gyrena mediaj J. Bow, Nat. size.
„ 115. Oetrea distorta, /. iSqw. Nat. size.
,^
116. Unio sp. Ifat. size.
,,117, TaldengiB,Jlfa»»*. |..
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PuRBECK Fossils.
Fig. 118. Fig. 119.
Fig. 120. Fig. 121.
Fig. 122. Fig. 123.
Tig'. 118. Cypridea punctata, Forbes. *^.
„ 119. —^ granulosa, Soi*. \°.
,,
120. Cjrpfis piirbeokensis, i^or5e». *^.
,,
121. Arohaaonisous Brodiei, M. Edw. 1|.
,,
122. Hemicfdaris purbeckensia, JVij-tMi i.
„ 123. Mantellia (Cyfiadeoidea) niicrDphylla. Buehl.i,
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Among Crustacea, the Isopod, Archteoniscus occurs in profusion
in the Middle Purbeck Beds in the Vale of Wardour. It has
been found, however, in the Lower Purbeck Beds of Wiltsliire
and Dorset
In 1850 Edward Forbes named eight species of Ostracoda
(" Cyprides ") from the Purbeck Beds of Dorsetshire, but unfor-
tunately he never described them.* Figures of these species,
reduced from diagrams used by Forbes in his lectures at the
Royal School of Mines, were afterwards published by LyelLf
It has not, in every case, been possible to identify the specimens
upon which the names of these species were based, while some
doubts have arisen concerning the particular horizons from which
tl\ey were obtsdned. These diflSculties have been pointed out by
Prof. T. Brupert Jones, and more recently he has given a full
account of the subject, with a revision of the names and
descriptions of new species.J These are for the most part fresh-
water forma, but the genus Cythere is marine, and Candona is
said to be estuarine.
Among the Ostracods it is found that Cypris purheckensis,
Candona ansata, and C. bononiensis are most abundant and
characteristic in the Lower Purbeck Beds ; Oypridea granulosa
in the Middle Purbeck ; and C. punctata in the Upper Purbeck.
Their particular range was not, however, restricted, and it is
interesting to note that Prof. Jones has recorded Cypri*
purheckensis, and a variety of Cypridea tuberculata from the
Upper Cretaceous strata of Wyoming, in North America.§ (See
also p. 280.)
Here and there at various horizDns in the Middle and Lower
Purbeck Beds a number of " Dirt Beds " occur. The name has
been applied to layers of carbonaceous clay or shale, but it
originated in Portland Island, where the Great Dirt Bed which
occurs near the base of the Lower Purbeck Beds is especially
noted for the silicified remains of Cycads and Coniferous trees
which it has yielded. There great " Burrs "' of siliceous and
calcareous (tufaceous) material have been accumulated around the
old tree stiunps, an example of which seen by the clifis east of
Lulworth Cove is shown in Fig. 124, p. 242, and another at
Porldaham is shown in Fig. 133, p. 263.
A bed yielding similar more or less silicified plant-remains has
been observed near Lulworth and eastwards to Gad Cliflf; ||
and there are traces of Burrs to the east of Dancing Ledge as
observed by Mr. Strahan and myself in 1893.
Chara was found in the cherty freshwater band of the Middle
Purbeck Beds by Edward Forbes.ir (See p. 244.)
Rep. Brit. Assoc, for 1850. pp. 79-81.
t Manual of Geology, edit. 3, p. 231 ; and Elements of Geology, edit. 6, 1865.
X Geol. Mag., 1878, p. 105 ; and Quart. Joum. Geol. Soc., toI. xU. p. 311.
§ Ihid.. 1893, p. 386.
II
See Fitton, Trans. Geol. Soc, ter. S, vol. iv. pp. S20, 323 ; see also Buckland
and De la Beche, Ibid., p 14.
f See alto B. Wethered, Froc. Ck>tteBwold Club, vol. x. p. 101.
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Fig. 124..
Furbeck " Burrs" seen on cliffs east of Lulioorth Cove.
(From a photograph by A. Strahan.)
The following may be included as among the more common
and characteristic fossils of the Purbeck Strata :
—
Melanopsis harpaeformis (Fig, 108).
Paludina carinifera (Fig. 111).
elongata (Fig. 110).
Physa Bristovii (Fig. 109).
Corbula alata (Fig. 112).
Cyrena (Cyclas) media (Fig. 114).
-rr-— (r ) parva.
Modiola.
Ostrea distorta (Figi 115).
Unio compressus.
valdensis (Fig. 117).
A rchaeoniscus Brodiei (Fig, 121).
Oandona ansata.
bononiensis.
;
;Cypridea granulosa (Fig. 119). ^
-—
—
punctata (Fig. 118).
jDypris purTbeckensis (Fig. 120).
'' '''^
Hemicidaris purbeokensis (Fig. 122). ., .,
Mantellia miorophylla (Fig. 123). - - " •;" '
—
—
nidifbrmis. ' ;Jv^'^';i. :
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CHAPTER XIV.
PuRBECK Beds.
Local Details.
Dorset Coast,—Isle oJ^.Purt)eck.
The Purbeck Beds are well exposed in the cliffs at Duriston
Bay, Worbarrow Bay, Mupe (Mewps) Bay, Lulworth Cove, and
in the quarries and railway-cutting at Ridgeway or Upway.
These sections have been measured in great detail by H. W.
Bristow, assisted at Ridgeway by the Rev. Osmond Fisher, and
at Lulworth by Mr. W. Whitaker.* The most complete section
is that at Bacon Hole, Mupe Bay, where the gradual passage into
the Wealden Beds is well shown.
The beds were locally sub-divided by Edward Forbes and
H. W. Bristow, and the principal beds recognized in the above-
mentioned sections, maybe summarized as, follows, the thickness
being stated in feet and inches :
—
PtTBBBCK Beds of Dobbet.
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PuEBECK Beds op Dorset. I . I
Middle
Purbeck
Beds.
Lower
Purbeck
Beds.
Scallop Bess. White (Beach)
shelly limestones ajid occasional
shale. Pish-remajna, CorbtUa
alata, Ostrea, Pectm, (Pecten-
hed of Forbes) - - - -
IKTEKMAKIKE Beds. Upper Build-
ing Stones. More or less shelly
limestones, with shale partings.
Saurian, Turtle and Fish-remains
(Hybodva, Zepidotus), Hydrobia,
JAmruea, Melanopsis harpeeformis,
Pakidina, Corbuta alata, Cyrena,
Modiola, Ostrea, Serpvla, Cypridea
punctata. Plant-remains
CiNDEB Bed. Earthy limestone
made up chiefly of Ostrea distorta.
Fish-remains, Cardium.I'erna.Tri-
gonia, Serpula, Semicidaris pur-
oeckensis _ - - -
Chbbtt JlSD Maelt Fkebhwatee
Beds. Lower Building Stones.
Shelly limestones with partings of
shale and marl. Marly limestone
with nodules of black chert (Flint),
bands of clay, limestone, and car-
bonaceous shale (Dirt Bed or
Mammal Bed of Durlston Bay),
Mammals, Saurian, Turtle andFish-
remaina, also Hydrobia, lAmncea,
Melanopsis, JPahtdina, Physa,
Planorbis, Valvata, Missoa,Coraula,
Cyrena, Pinna, Insects, Cypridea
,
fasdeuiata. Chara ...
MAELY Peebswatee Beds. Marls
and limestones. Fish-remains
(Lepidotus), Hydrobia, Xdmnaa,
Planorbis, Physa, Cyprides, Lig-
nite . - - - -
Upfeb Insect Beds. Marls and
clays, Insects and Cyprides -
SoPT Cockle Beds. Marls and
marly limestones, granular oolitic
limestones, occasional bands of
breccialed limestone, and band
showing arborescent markings.
Ripple-marks. Gypsum in veins
and nodules ; pseudomorphous
crystals of rock salt. Fish-remains,
Cardium, Corbula, Leda, Modiola,
Serpida, Archeeoniscus, Cyprides -
Haed Cockle Beds. Marls and
marly limestone, with chert.
Pseudomorphous crystals of rook-
salt. Missoa, Cardium, Cyrena
media. Insects and Cyprides.
Cypris purbeckensis . - -
LowEE IirsEOT Beds. Clays and
Sands with marly layers. Insects -
Ctpeis Feeebtoke. Soft shales and
marly and fissile limestones. Gyp-
sum in places. Fish-remains,
Planorbis, Rissoa, Cyrena, Cypris
purbeckensis - -
Beokek Bakds. Bitummous slaty
and sandy limestones, cherty and
earthy matter; much broken 'and
disturbed, excepting at Eidgeway.
Linrnaa, Valvata, Cyprides •
SoET Cap. Impure bituminous and
botryoidal limestone with chert in
places. Cyprides
, : , :
Diet Bed, with trunks and stools of
trees (Eidgeway, &c.)
Habd Cap. Bitummous, sandy, or
cherty and botryoidal limestone.
Fish-remains (Hitiionotws), Pain-
dina, Archceoniseut, Cyprides
rl^XBT^-BED.———
«
»-.
— "
"
4-6
8-6
43-9
16-0
7-6
ll'O
_0:S.
396-»
2-9 2-4,
8'7
-6'6 4-0
19-S
12
-.3
6-0
1-0
6-S
1-10
7-S
4-0
7-6
5-0
5-7
12-3
12-10
S-9
5-4
68-1
24-4
19-10
6-11
0-9
17-6
260-8
39-0
lS-7
21-10
10-0
4-6
176-3
2S-10
8-11
e-9
26-7
9-3
S-8
I89'B
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I tThe thicknesses of the
Bristowj are as follows :
—
Purbeok sub-divislous, measured by
Purbeok Beds.
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The cliffs do not present a, clear unbroken seriejij for the strata,
while dipping generally towards Swanage, are dislocated and
repeated in several place?. The Portland Stone occurs at the
base of Durlston Head, overlaid by somewhat shattered Purbeck
strata; but the junction is not easy to determine, owing to the
tumbled masses of rock, and to the fact that the Portland stone
presents a rough scoriaceous appearance, and Is much covered by
limpets, periwinkles, and barnacles. A fault that may be noticed
on the other side of Durlston Head is again intersected by the
cliffs, and the tract adjoining the headland is a good deal obscured
by slips. (See Fig. 126.) Hence although a nearly complete
*FiG. 12(j
Section at Durhton Head.
S. N.
7. Cypris Shales. 4. Soft Cap.
6. Limestones and Shales. 3. Hard Cap.
5. Broken Beds. 2. Fortland freestone.
1 . Portland cherty limestone.
section of the Purbeck Beds may be measured, it has to be made
up from different portions of the cliffs.
The top bed of the Portland Stone seems to be compact iu
character, and tiiere are indications of slight, irregularity at the
junction with the overlying' Purbeck strata. (See Fig. 126.)
The basement "Dirt parting" of the Purbeck beds is much
indurated in some places, and has been parliaUy eroded by the
sea. The Hard and Soft Caps above, of a somewhat fissile nature,
are exposed just north of Durlston Head. Surmounting these
strata we find the remarkable division marked by Bristow as the
" Broken Bands," which he describes as " thin slaty beds of
bituminous sandy limestone much broken and squeezed together,
with a few broken fragments of chert." Strata of this description,
from 10 to 15 feet or mors in thicknes?, occur about the same
horizon at Worbarrow Bay, Mupe Bay, and Lulworth Cove. So
dislocated and tumbled are the strata that they were familiarly
termed the "Grand Smashery" by Edvi^ard Forbes.* Below,
the beds are for the most part undisturbed, and above, they
gradually assume an undisturbed aspect, though the overlying
layers of '' Oypris Freestone " are occasionally disrupted.
* See Geikie, Life of E. Forbes, p. 4G5.
E 82438. R
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Broken BblIs of this character may be clue to vai-ious causes
Simiiiar appearances arc j^resented in many places in the Isle of
Poriland where Purbeck Beds immediately overlie fissures or
'^gullies" in the Portland Rocks. There they are simply in a
tumbled condition, and the effect is local. In the siindy limestone*
or calcareous sitndstones belonging to the Northamptpn Sand,
somewhat similar appearances have been locally produced by the
removal of Ciiicareous matter by carbonated water. In this way
some of the overlying strata have lost support and become
" Broken Bed:;," and the mass in places has been partially
re-cemented by carbonate of lime.
On the coast from Durdle Door and Lulworth to Durlston the
effect appears to be faiily uniform along an extensive tract ; and
the Broken Beds cannot be attributed to faults (in the ordinary
sense), nor to springs washing material into fissures or cavities
of the Portland Rocks beneath, although such causes, together
with frost, have no doubt in places exerted some influence.
Indeed on the west side of Bacon Hole, Mupe Bay, and on the
east side of Lulworth Cove, the beds arc not only contorted,
but slightly faulted, and the same is the case at Durlstou Head.
The appearances in question being confined practically to one
general horizon, it was suggested by the Rev. O. Fisher that the
beds, originally deposited on the debris of the old Purbeck forest,
subsequently fell into vacuities caused by the decay of the
vegetable matter.* Where, however, the great dirt-bed is so well
shown on Portland we do not see any " Broken Beds " that can
be compared with those between Lulworth and Durlston Head :
although I noticed that the " Bacsn Tier " in places at Kingbarrow
and near St. George's Church becomes a broken-bed, and so do
the upper strata. These appearances, however, are exceptional,
and it must be borne in mind that Portland is on the south
side of the Weymouth anticline, where the dip is comparatively
gentle. (See p. 265.)
It seems to me clear that the beds have for the most part been
broken up and disturbed since their deposition and consolidation.
The disturbances are by no means confined to one exact horizon,
for there is a gradation from the broken and shattered beds into
undisturbed strata both above and laterally ; at any rate the-
amount of dislocation varies at different points, so that the
disturbances affect strata higher in some places than in others.
This proves that the main features of the disturbances could not
have been produced in Purbeck times. (See Figs. 127, 130, and
131, on pp. 249, 256, and 258.)
Webster attributed the phenomena to disturbance,! and when
it is borne in mind that tiie strata dip at angles of 20° to 40° in a
N.N.W. direction, and repose on the hard Purbeck " Caps " and
underlying Portland Stone, it seems to nie that much shattering
* Trans. Cambridge Phil. Soc, vol. ix. p. 566.
t Engiefield's Isle of Wight, pp. xix. and 173 ; see also Sedgwick and Mu*ohison,
Trans. Geol. Soc, ser. 2, vol. v. p. 655 ; H. B. Woodward, Geol. England and
Wales, Ed. 2, p. 846 ; and Strahan, Quart. Journ. Geol. Soc, vol. lit., p. 549.
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must have been caused during ihe tilting of the strata. Indeed
the Eev. W. B. Clarke, in a lengthy account of the great distur-
bances in the Chalk and other rocks of the Isle of Purbeck,
speaks of "the whole range of strata from Tilly Whim to
Ballard Down being drawn out like a pack of cards " *
—
presum-
ably as when higher layers are shifted slightly over lower ones.
Fig. 127.
Section at Bacon Hole, Mupe Bay, Dorset.
4. Shales and bands of limestone.
3. Broken Beds.
2. Caps.
1. Portland Stone.
About 20 feet shown.
That some sliding of individual beds has taken place is shown
by the striated pavements noticed by Bristow, on the Upper
Tombstone Bed, above the Cinder Bed, in Durlston Bay.t I
thought at first that these appearances were due to shifting of
loosened slabs of the rock and that the scratching might have
been produced by stones and grit ; but on a subsequent visit
wth Mr. Strahan we found that the strise passed beneath the
superincumbent limestones, and that they were evidently
slickensides.
The weakness produced by the shifting of the strata has
doubtless been subsequently acted upon by weathering-agents,
for a certain amount of dissolution of calcareous matter has taken
place from the sandy limestones that form the mass of the strata.
We are therefore justified in concluding that the horizon now
known as the " Broken Beds," formed one of weakness during the
disturbances to which the beds have been subjected, and this may
have been due to some extent to the character of the strata, and*
to the fact that they were somewhat irreguiarly accumulated over
the terrestrial surfaces and hummocky " burrs."
We find no evidence of Broken Beds at Ringstead Bay, nor at
Ridgeway Hill (Upway), further west, although the strata are
highly tilted ; but here the beds are changing in character: the
mass of the Portland Stone is softer than in the Isle of Purbeck,
the "Caps" are thinner; and we find above the " Caps/' beds
of fissile limestone and marls. In other places we see Broken
Beds produced locally, as in the Soft Cockle Beds north of
Durlston Head where they are disturbed by faulting and permeated
by springs ; and further instances might bo given.
* Mag. Nat. Hist., ser. 2, vol. i. p. 465 ; toI. ii. pp. 79, &e.
t Vertical Sections, Geol. Survey, sheet 22, Ko. 1.
K 2
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Not until we pass the zigzag path below the Refreshment
House in Durlston Bay, can we clearly trace the upward
succession of the Purbeck Beds from the lower, through the
rciddlC; to the upper division of these sirata.
A considerable fault has thrown the'Middle Purbeck Cinder
Bed and other strata against the Lower Purbeck Beds on the
north side of the zigzag ; these latter consist for the most part of
soft grey and yellow marls, with occasional hard bands, and with
masses of gypsum or alabaster. At their base traces of the
Broken Beds were just visible, overlaid by the impure limestone
of the Oypris Freestone. The soft grey Cypiis shales contain
thin layers of gypsum, but larger masses of this mineral occur
higher up, iu tlie " Soft Cockle Beds." (See Fig. 125, p. 246.)
Fig. 128.
Junction of Lower and Middle Purbeck Beds, Durlston Bay.
Mid lie
Purbeck.
Lower.
Purbeck.
10. Flint-bed
9. Shale and marl
8. Marl with thin limestone on top -
7. Black shale
6. Shales and marls
5. Hard limesto:ie
4. Soft marls
3. Hard marl and limestone
L 2. Grey earthy bed with Mammals
1. Hard marl.
Ft. In.
3
2 8
1 2
Undulations and slight dislocations affect the beds here and
there as we'trace them along, btit two dark bands are conspicuous
amono- the strata, above the soft grey and yellow marls of the
Lower Purbeck Beds. The lower and rather lighter band is that
known as the Dirt Bed or Mammal Bed, which must not be con-
fused with the Great Dirt Bed of PortlnnJ, that comes on a much
lower horizon. It may be mentioned that where this Dirt Bed
comes to the surface in the cliff to the north of the Eefresh-
ment House, an excavation, known as Bjckles' Cutting, was made
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many years Jigo by S. H. Beckles, in search of the fossils for
which the layer is noted. Two Dirt-beds were mentioned by
Mr. H. Willett, but they belong to the same horizon, being shifted
by faults. This bed is a dark grey and brown carbonaceous shale
about 1 foot in thickness, resting on an irregular and sometimea
ruptured surface of the Lower Purbeck marl beneath. (See Fig.
128.) In places, however, the beds appear to merge one into
the other, and the irregularity is seen to be partly due to slight
faults or joggles, which die out upwards, and are evidently
produced by disturbance, that led to slight shitting of the lower
strata. A Dirt-bed occurs on the same horizon at Worbarrow
Bay, but no Mammals have there been discovered.
In addition to the Mammals found in this thin band, Reptilian
remains, freshwater shells and Cyprides have been obtained. The
Reptilian remains include Macellodus Brodiei, Theriosuchus
pusillus, Nannosuchus gradlidens, and Nuthetes destructor. The
MolluBca, recorded by Bristow, are Valvata, Paludina. Rissoa^
Physa Bnstovii, Limnma, and Planorbis.
The Dirt-bed marks the base of the Middle Purbeck strata,
which comprise a series of blue and grey stone-beds, including
the fiimous Swanage Stone and the Cinder Bed, overlaid by dark
days.
The black carbonaceous shale that occurs about 10 feet above
the Mammal Bed, forms a conspicuous band in the cliff ; it is
not known to have yielded any vertebrate remains.
The next bed of particular interest in ascending the series, is
the " Flint " layer, a pale marly limestone about 3 feet thick, with
irregular nodules of black chert. Freshwater shells occur in
both chert and limestone. The nodules do not stand out in relief
as they are readily broken away with the rock by the action of
the sea. (See Fig. 129.)
Higher up we come to the Lower Building^stones (including
the Feather Bed), which were formerly worked in the cliflF.
Fig. 129.
Flint-bed, Middle Purbeck Beds, Durlston Bay.
These stone-beds are surmounted by the Cinder Bed, one of the
most easily recognized beds in the Purbeck Series. It forms a
rugged cliff of rock, and was so named on account of its rough
cindery appearance. Such a well-marked layer, as remarked by
Fitton,* is very useful as a guide to fix the position of the strata
* Trans. Geol. Soc, ser. 2, vol. iv. p. 209.
252 UPPER OOLITIC ROCKS OF ENGLAND
:
where they are disturbed. It attains. a tiiickness of 8 or 9 feet,
and is somewhat thicker inland ; it is almost entirely made up of
the small oyster Ostrea distorta, although it is not easy to procure
any fine examples of this shell. Bristow records from this bed
Fish-remains, Cardium Gibbsi, Perna, Trigonia, Serpula, and
Hemicidaris purbeckensis.
Above the Cinder Bed, come the Upper Building-stones, which
jut out at the base of the cliiFs, and form hard ledges on the
shore, where the sbaly partings that separate the beds of lime-
stone are cleared away in many places by the sea.
Turtle and Fish-remains occur in these building-stones together
with Mollusca and Plant-remains that suggest esluarine con-
ditions. False-bedding is shown in one of the Freestone Veins.
Some of the shelly limestones, such as the White Eoach and
Laning (Leaning or Lane End) Bed, show cavernous weathering.
Xhere is evidence of a slight fault along the face of the cliff where
these beds are exposed, and perhaps, owing to this cause, and to
the fact that sea-water produces some superficial alterations in
the strata, it is difficult to recognize all the individual beds of
limestone recorded in Bristow's section.
Near the lop of the Oorbula Beds, there is a prominent band
o£ Broken-shell Limestone with yellow sandy seams, and over-
lying this is a layer marked the Toad's Eye Limestone, that con-
tains irregular seams of indurated marl, and has curious tridactyl
and vermiform markings on its surface.*
The Upper Building-stones like those at a lower horizon, have,
in places, been quarried in the cliffs,, atid: old excavations and
tunnels remain to mark the spots. The beds were exposed along
the cliff-road leading from the Refreshment House to Durlston
Head. The higher portions of the Middle Purbeck Beds, con-
sist, for the most part, of dark clays and paper-shales with much
fibrous carbonate of lime (chief" Beef" Beds), with selenite, and
occasionally gypsum, and oclireous matter.
The shales here and those intercalated with the stone beds
below, frequently show efHorescences of alum, and many of the
beds are described as alum-shales, by Bristow. The Mollusca
found in the shales above the stone-beds are freshwater and
estuarine forms, but, in many cases, we find the shelly layers in a
very decayed and rotten condition.
On the whole, the Middle Purbeck Beds have a bluish-grey
appearance, weathering brown only in places : the Upper Purbeck
Beds have a generally brown appearance in these cliff-sections,
and they occur on top of the cliffs about half way between the
Refreshment House and Peverel Flag-staff, descending gradually
to the Eea-level, and forming the cliffs to Peverel Point. (See
Fig. 125, p. 246.)
The base of the Upper Purbeck beds is here marked by the
"Soft Burr" or Upper Broken-shell Limestone, consisting of
about 1.0 feet of sandy limestone, largely made up of comminuted
See T. E. Jones, Quart. Journ. Geol. Soc, vol. sli. p. 3S3,
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shell?, but with the fragments dissolved out in many cases, so that
the rock is full of tiny cavities. Formerly it was much used for
building-purposes. The shell-fragments, according to Bristow,
belong chiefly to Cyrena, and he also records Unio, Paludina, and
remains of Fishes and Turtles.
Overlying these beds are the " Unio Beds," bands of irregular
limestone and shale, with here and there many examples of Unio.
One of the limesttme-bands is termed the Crocodile Bed by
Bristow, and he records from it Unio, Paludina, Fish and Turtle-
remains, Ooprolites, and the Crocodile, Goniopholis.
The highest beds exposed in the cliffs are grouped as the
Upper Cypris Clays and Shales, and among these, we find one or
two bands of sandy and shaly limestone with Unio. These are
usually characterized by much greenish colouring matter, and one
band in particular constitutes the Unio Bed.
In these upper beds we find also three bands of Purbeck-
Marble, hard shelly limestone largely made up of Paludina
carinifera, and therefore known also as the Paludina-l&.ax\Ae.
Unio and teeth and scales of Fishes are occasionally met with in
these beds. They are well exposed beneath the Peverel Flag-
staff, and they form the ledges of Peverel Point, that stretch far
into the sea, and form a protection to this part of the coast. The
beds, however, are much disturbed. (See Fig. 125, p. 246.)
The marble is much broken up by joints, and the lines of
weathering on the surfaces exhibit false-bedding. The marble
is mostly grey or bluish-grey : red and bluish marble occur in the
same mass. The grey stone according to Mr. Gr. Maw, contains
carbonate of iron.* The colour of tlie red marble appears super-
ficial, and duo to staining by iron-oxide along the joints, the colour
penetrating irregularly into the mass of the stone. The green
colouring-matter fills the cavities of the shells of Paludina, and
it has been found by Mr. Teall to resemble glauconite in many
respects. This green tint which is so common in the Unio Beds,
<iccurs also occasionally in lower beds, and the " Liaa Rag,"
belonging to the Upper Building-stones, contains argillaceous
kernels of a green colour.
On the southern margin of Swanage Bay, blue shelly and
crystalline limestones are seen dipping northwards at an angle of
about 15°. Beneath them and running along tlie line of the
High Street, Swanage, the Purbeck Marble was formerly traced.
The junction of Purbeck and Wealden Beds is, however, con-
cealed by the town and harbour of Swanage, and northwards on
the shores of Swanage Bay we come to the mass of the Wealden
Strata, which dipping northward consist of many alternations of
yellow sands and coloured claySj with occasional bands of grit
and much lignite, and in the upper part of shale, with Cyprides.
The .Purbeck Marble is now occasionally quarried at Easton
near Langton Maltravers, south-east of Woody Hyde, south-
west of Afflngton Farm, and south-west of West Orchard.
-• Quart. Joum. Geol. Soc, vol. xxiv. pp. 356, 366, and Plate XIII. Fig. 82.
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The pit at Easton (open in 1884) was situated just south-east
of the farm-buildings. The section was as follows, the beds
dipping E. 35° N. at angle of about 25° :—
Ft. Iif,
Two bands of marble—the upper bed
2 to 3 ins. tliick :' tlie lower 4 to 5 ins.
The beds are broken up and only
remnants occur in the soil.
Flaggy marble, much weathered
:
Paludina on joints
Shales with "race," and thin flaggy
limestone
Paludina-marble, much broken .by
joints, and occurring in interrupted
Upper masses- . . . .
Pnrbeck { Olays and calcareous shales with
Beds. "race" ....
Brown limestone, blue hearted
-
Paludina-marble
Shaly parting
Paludina-marble, irregular bed
Calcareous shales with "race" and
thin limestone bauds . - -
Paludina-marble ...
Paludina-na.arble ...
Paludina-marble (another bed, just
exposed).
The Marble at this quarry is variable, and green, bluish-grey,
and occasionally red in colour—where iron-stained : it generally
weathers brown outside.
The clays are sometimes locally disturbed, a feature produced
by the washing down of material through cracts or joints of th&
underlying bands of limestone. The surfaces of. the hard beds
are sometimes covered witli curious markings, due, perhaps, to
shrinkage and cracking of the sediment, and the subsequent
infilling of the cracks.
5
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stone, and pale clierty seams. Near the base of the " Soft
Cockle Beds," the "Hard bituminous limestone" exhibits ripple-
marks ; higher up the bands of brecciatcd limestone-conglomerate
are well sliown.
A '• Dirt Bed " occurs at the base of the Middle Purbeck
division, but no Mammals have been found in it. The hard
limestones with bands of black chert form a series of prominent
beds above. The Cinder Bed is well shown, and the Scallop
Beds stand out as a band of hard limestone, beneath the signal
staff on the Knob.
In the Upper Purbeck Beds we find the Unio Beds on the
northern side of the Knob, forming a face of rock, containing
much green matter, with Unio, and dipping northwards at an
angle of about 40°. The. Upper Cypris Clays and Shales form
the soft beds under the Coast-guard station. Near this point
there is a ravine, which occurs at about the junction of the
Purbeck and Wealden Beds, though the strata are much
obscured : but on the north side we find the coloured clays and
sands of the newer division.
Mupe Bay.
The most complete section of the Purbeck Beds is seen in the
cliff's and rocks of Mupe (Mewps) Bay and Bacon Hole, between
Worbarrow Bay and Lulworth Core.
The Portland Beds are shown at the base of the cliffs, and in
the islets knov/n as Arish Rock, Slip Rock, and Wreckneck
Rock, where the highly inclined strata are surmounted conform-
ably by Lower Purbeck Beds. The strata may most readily be
examined in Bacon Hole. A cave has been formed at the
junction of the Portland and Purbeck Beds, by removal of slabs
of the Hard Cap. The lower Purbeck beds here include
brecciated and banded layers, and the. Hard Cap is separated
from the Soft Cap by a Dirt Bed containing pebbles of limestone^
The Soft Cap is much broken in places, and indeed merges up-
wards into the " Broken Bands." These again are overlaid by
the Cypris Freestone, also much shattered and broken in places.
(Sec Fig. 127, p. 249.) The upper portions of the Hard Cockle
Beds stand out in prominent bands, overlaid by the Soft Cockle
Beds, and higher up the Cherty limestone again forms a hard band,
and, together with the overlying Cinder Bed, runs out in ledges on
the shore. Higher up we may trace the Chief Beef Beds, the
Upper Broken Shell Limestone, and the Unio Beds, which also
form ledges running eastwards along the shore.
The junction, with the Wealden Beds is shown in the cliff to
the north of the Flag Staff and again a little further east, in
Bacon Hole.- ~ - -
The Paludioa-clays which fcfrm the top of the Purbeck Beds,
consist of purple, green, blue, and grey marls full of Paludina.
The top layer ot Paludina Marble contains also Unio. The
layer of Marble below contains veins of beef in the stone, and
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beneath are ferruginous layers with Unio. One bed of red and
green Marble, of which I saw a loose blocks was 1 ft. 10 ins. in
thickness.
Fig. 130.
Section of Cliff' at Bacon Hole, Mupe Bay.
Upper
Purbeck.
Middle
Purbeck.
11. Wealden Beds.
10. Shales, &c., with Purbeck Marble.
9. Unio-beds.
Broken-shell Limestone.
8. Corbula Beds, &c. j Shales and limestones.
7. Cinder Bed.
Hard limestone ; flint-bed.
6. Marls, with conspicuous band of harder white marl.
5. Sandy and honeycombed bands ; top ofHard Cockle Beds.
4. Cypris Freestone, &c., the lower beds much shattered , Lower
in places. ' Purbeck.
3. Broken Beds, merging downwards into Soft Cap.
2. Caps with intermediate Dirt-bed.
1. Portland Stone ; with Ammonites giganieus, Trigonia gihbosa, Cardium
dissimile, and Pecten lamellosus.
The coloured clays are naturally like the red and variegated
Wealden Clays ; but unlike the mass of those clays, the beds here
grouped as Upper Purbeck, contain Paludina in abundance
The lowest beds of the Wea;lden series, dipping at about 40^,
comprise red and grey sandy and laminated clay, white sand and
yellow carbonaceous sandstone. Small crystals of selenite are
abundant : rusty springs are thrown out, at or near the base.
The following sectioui was noted in 1893, in company with Mr.
Strahan :
—
Wealden
Beds.
Purbeck
Beds.
("White sands, Ac.
l Laminated clay and sands
fBand of clay-ironstone nodules with
I
Oypridea punctata, and 0. tul&rculata
\ var. adjuncta - - - -
•^ Shales, &c. ....
Greenish shelly limestone
Shales with lignite ...
Purbeck marble
Ft. In.
17
4
1
4
9
The Ostracods were kindly identified by Prof. T, E, Jones
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Lulworth Cove.
In the cliffs west of Mupe Bay and a short distance east of
Luiworth Cove we find the first clear traces of the Great Dirt
Bed of Portland, and the stools of trees, although evidences of it
as before noted occur further east. (See p. 241.)
Here near Lulworth, huge " burrs " are shown in the Dirt Bed
where it is exposed on the highly inclined surfaces of strata
projecting from the cliffs. (See Fig! 124, p. 242.) This Dirt Bed
occurs between the Hard and Soft Caps and these are overlaid by
the Broken Bands. Another Dirt Bed occurs at the base of the
Hard Cap and directly on the Portland Stone. Here as near
Durlston Head, these lower Purbeck Beds, form conspicuous
irregular and undulating bands of I'ock above the Portland Stone,
and in places the beds split up so as to form three bands of Cap
limestone.
The Purbeck Beds are exhibited on both sides of Lulworth
Cove. On the east the "Broken Beds " exhibit ruptures that do
not affect the overlying strata. Marked ledges are formed by the
" Hard Cockle Beds," and one of the upper layers, a " Hard pale
grey Limestone " is somewhat cherty, and weathers in a cavernous
form. The Cinder Bed forms ledges, and the lower portion of
it contains Fish-remains. Here as in Stair Cove the lower portion
contains few specimens of Ostrea distorta. The Scallop Bed,
hard-shell limestones with bivalves and broken shells, and the
Chief Beef Beds, are well shown in ledges.
Towards the northern end of the section of Purbeck Beds, the
higher strata are much folded, as well as slightly displaced by
slips, and a false appearance of unconformity is presented.
Where the Cinder Bed descends to the shore the mass of it
and other beds are slightly inverted, and there is evidence of
disturbance by a fault haying a very low hade, a " thrust-plane "
in fact which causes a slight repetition of the Cinder Bed.
Lulworth Cove has been formed by the erosion of the soft
Wealden Beds, after the sea had broken through the barrier of
Portland Rocks.
At Stair Hole or Cove there are two or three Caves or tunnels
through the Portland Rocks, the sea perhaps having enlarged
fissures in these rocks. Overlying and overhanging masses of
Purbeck Caps and Broken Beds occur in places on the eastern
side of the barrier that contains these caves.
As the Upper Purbeck beds are denuded, so the sea may in
process of time come upon the soft Wealden Beds and then
uniting with Lulworth Cove, a bay like that of Mupe and
Worbarrow will be formed, with islets of Portland rocks capped
by Lower Purbeck Beds.
The well-known section at Stair Hole shows how much the
strata are disturbed. Here the beds are much broken and cemented
by veins of calc-spar. The shales squeezed up in the central
part of the Cove open out towards their outcrop at the edge of
the cliff, and are in some instances slightly inverted. Th48 is also
seen to be the case on the western side of Lulworth Cove.
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Fig. 131.
Diagram-section of part of Stair Hole, Liilworth, Dorset.
8. Marly Freshwater Beds.
"
7. Soft Cookie Beds.
6. Hard Cockle Beds.
5. Cypris Freestones.
4. Broken Beds.
3. Soft Cap.
2. Hard Cap.
1. PortlaDd Stone.
Lower
Purbeck.
13. Corbula andBeefBeds,")
12. Scallop Beds. I ,,.,,,
11. Intermarine Beds. \ ^'J^'?
10. Cinder Bed. | P^^beck.
9. ChertyFreshwaterBeds.J
There are many slight disturbances and faults, on the west end of
Lulworth ridge, and by Durdle Door or Barn Door. Here minor
repetitions of beds are caused by what may be called step-faults,
that traverse the beds in a very oblique direction, and sometimes
almost at right angles to the highly inclined strata : so that at
first I was disposed to think that faulting^ had taken place prior to
the great tilling of the beds.
On the east side of the Durdle promontory the Purbeck Beds
appear to be faulted against the Wealden Strata, and in no case
west of Mupe Bay can we see the junction of these bed?. As
Forbes remarked in 1849 "some of the sections are imperfect,
the top-beds being squeezed out in a line of fault."* The
character of these disturbances- has been investigated in detail by
Mr. Strahan, and they v.ill be illustrated in a Memoir that deals
more particularly with the Isle of Purbeck.
Ringstead Bay, Upway, and Portisham.
The Lower Purbecl?; Beds are exposed on the eastern side of
Ringstead Bay and to the west of the high Chalk cliflFs of White
Nore. The Cretaceous Beds as pointed out by the Ke^'. O. Fisher
rest unconformably on the inclined Purbeck and Portland Beds, and
Mr. A. Strahan informs me that there is no fault along the line
ofjunction of the Cretaceous and Oolitic Strata as marked on the
Geological Survey Map: it id simply a case of the unconformable
overlap (or overstep) of the Cretaceous on to the Purbeck and
Portland Strata, and on to the Kimeridge Clay.
Geikie, Memoir of B. Forbes, p. 466.
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The section of Purbeck Be.lt», which dip N. 5° E at an angle
of about 37°, M"is as follows :
—
Lower
Creamy limestones and shales.
Hard marls, sandy and granular oolitic
beds, with one or two chert bands :
Gypris purhechensis.
Fissile limestones (Purbeck " slates ")
5 Oto
Hard creamy marl ...
Thin irregular dirt layer
Ft. In.
6
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Lias Kire ; " higher beds of marly and granular oolitic limestone,
are used for inside work in building, and also for lime-burning.
The Middle Purbeck Beds have been exposed in the railway-
cutting south of the short tunnel.
The Oherty Freshwater Beds, which include a band of irregular
gritty- limestone, have yielded Saurian bones, many Molliisca,
Cyprides, and seed-vessels of Chara. The Cinder Bed and
overlymg strata ma,y be traced as we proceed northwards. The
Upper Purbeck Beds and the junction with the Wealden strata
are for the most part obscured. Layers with Unio, Paludina, &c.,
have been observed, including a representative of the Purbeck
Marble.
It seems probable that the Purbeck and Wealden strata were
faulted against the Oxford Clay and denuded prior to the Upper
Cretaceous overlap. (See p. 20.)
The Purbeck Beds at Portisham occupy a somewhat undulatino-
trough, faulted on the north against the Chalk. Some of the
granular oolitic beds have been extensively quarried for buildino--
stone.
The following Lower Purbeck Beds were exposed in a quarry
on the hill west of the Farm-buildings, and at the Lime-
works :—
*
Soft Cookie
Beds.
Hard Cockle
Beds.
Lower Insect
Beds.
CypriB
Freestones.
Brown soil with water-worn layer of
limestone ....
/ Laminated clays, marls, and yellowish
1 sands, with hard bands
Pale earthy limestone, with Cyprides -
Laminated marl ...
Compact banded and somewhat
/ crystalline limestone
.
.
-
) Shelly beds (not well shown) -
tHard pale shell-limestone, with
Corbula: like the "Hard Eock" of
TTpway - - 2 to
I
Sands with streaks of clay
< Pale compact limestone, marls and
L clays - . - . -
White banded marly limestone -
Soft shales and pale limestone -
Granular limestones, passing down into
variable limestones that for the most
part split up into thin tiles ; with
Cyprides -
Earthy and granular limestones, wavy-
bedded; occasional slabs 3 ft. and
more square, obtained, and used for
tombstones ....
Fissile sandy marlstone, passingup into
granular oolitic limestone, like bed
at Bingstead Bay
Tough grey banded limestone, with
irregular bedding and sparry joints,
as if disturbed and re-cemented
—
the top portion granular and oolitic.
Cavernous weathering shown along
[_ lines of bedding 4 to
Ft. In.
3
2
1
3
9
3
3
* The fubdiTisions are noted in accordance with the grouping of the strata at
Bidjeway, by H. W. Brigtow and th« Est. O. Fishw.
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-Strata
equivalent to
the " Broken
Beds " of other
localities ; and
to the Hard
and Soft
Caps.
Portland
Beds.
fRubbly marl and clay with irregular
I band of tough grey limestone and
decomposed chert - 1 to
Irregular earthy and granular lime-
stone ....
Soft white marly limestone
Irregular sandy marls and dark shales,
about .-
Soft chalky limestones -
Hard and soft limestones and marls,
iiTegular and fissile beds; with
clayey seams near top. Fish-scales -
^ Thin irregular dirt layer with lignite.
Impure m.arls with seams of chert
Hard beds of variable limestone, some
massive and irregular, with occa-
sional chert -
Irregular fissile banded marls, hard
and soft beds ...
Impure clays and marls with two black
earthy bands with lignite and stumps
of trees (disturbed in places) -
Thin and variable beds of compact and
earthy limestone, fissile in places
1 8 to
Hard whiio shelly and oolitic lime-
stone with fragments of Perna:
merging in places into more compact
- limestone, and passing down into
1 Hard white chalky limestone with
I occasional nodules of chert -
I White chalky limestone, with bands
[ and nodules of chert.
Ft. I.v.
1
1
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Fig. 133.
Silicified mass of Purheck Wood, Portisham.
The Lower Purbeck Beds attain a thickness of about 40 feet or
even more in places ; the greatest thickness seen is in the clifF
section south of Black Nore, where nearly 30 feet of hard white
marls and grey marly clays overlie the Hard Slatt and other
beds exposed in the quames. The general succession has been
previously noted (p. 198), and details of the beds seen in a
quarry at Kingbarrow, have also been given fp. 200). It remains,
therefore, only to note more generally the beds that occur.
Immediately overlying the Portland Roach we find an
impersistent layer of carbonaceous clay or " DirtP but no plant-
remains have been obtained from it. It was first noticed in 1830
by Prof. Henslow.* Prof. Blake has spoken o£ it as a constant
band, and as containing fragments of chert derived from the
Portland Beds. Such evidences of erosion are however locaJ^
and although the Lower Purbeck Beds are somewhat irregular
and undulating in appearance, there is a general conformity
between the stratification of Portland and Purbeck Beds, and we
find no evidence of any general upheaval of the former strata,
previous to the deposition of the Cap-beds.
The Purbeck Cap Beds are hard dense grey limestones, often
cavernous and somewhat botryoidal in character. They are
extremely variable in thickness : the Skull (or School) Cap,
varies from 1 ft. 6 ins. to 9 feet, and contains occasional cherty
nodules. The overlying Top Cap, which includes sometimes a
"Top rising" layer is from 2 to 10 feet thick. Both beds are
much shattered in places.
* See Backland and De la Becha, Trans. Geol. Soc, ler. 2, vol. iv. p. 13.
an*. s
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It has been observed by Fitton and others that the Portland
Caps were partially of subaerial origin, for they contain minute
ramifying cavities lined with botiyoidal carbonate of lime, such
as characterize beds of calcareous tufa, like the travertine of
Italy.* These features, as noted by H. W. Bristow, are met with
in the Tertiary limestones of Sconce and Bembridge in the Isle
of Wight. Hence it is likely, as Prof. Blake remarks, that the
Caps have been " derived from the denudation of the Portland
rocks which had elsewhere emerged from the sea at an earlier
date, though here the emergence had been so recent that very
little atmospheric action had occurred."!
A second Dirt layer, that is found between the two beds of
Cap, was also noticed by Prof. Henslow. This is a loamy and
carbonaceous bed that sometimes contains small fragments of
stone, Fitton in 1835 noticed the occurrence of Oycadese of
large dimensions in the bed between the two layers of Cap. They
*' were in the upright position, and apparently in the places
where they originally grew."t
The term " chaff-holes " is applied by workmen to the hollows
or cavities which extend from this lower dirt-bed into the Top
Cap, and sometimes through it : they contain remains of decayed
silicified wood. At this same horizon the so-called '' Bird's Nests"
or " Crow's Nests " are more commonly found : these are the
silicified Cycadean stools, of which the finer examples are those of
Mantellia nidiformis {Cycadeoidea megalophylla).^ (See also
Fig. 123, p. 240.) They are found from 8 ins. to 1 ft. in diameter,
and from 5 to 10 ins. in height; but Mantell says the largest
specimens are about 2 feet high and 3 feet in circumference.
Judging from the general stratigraphical aspect of the beds, as
seen in the cliffs south of Black Nore and other places, the Cap
l)eds might be taken to belong rather to the Portland than to the
Purbeck series, for the Great Dirt-bed appears to mark the more
important plane of demarcation. Buckland and De la Beche,||
took it as the base of the Purbeck Beds, although Webster had
previously suggested that the Cap has more analogy with the
lower part of the Purbeck Beds than with the Oolite below;
while Fitton,1[ finding Cyprides in all the beds above the Port-
land " roach," took that bed as the top of the Portland Stone, and
this division is now adopted. The observations of Forbes tended
to confirm this, for writing to Ramsay in 1849, he remarks
" When you say that the line of division between the Purbecks
* Fitton, Trans. Geol. Soc, ser. 2, vol. iv. pp. 222, 224.
t Quart. Journ. Geol. Soc, vol. xxxvi. p. 190; see also Andrews and Jukes-
Browne, Ibid., vol. 1. p. 51.
J Proc. Geol. Soc, vol. ii. pp. 185, 186 ; Trans. Geol. Soc, ser. 2, vol. iv.pp. 218,
223.
§ Buckland, Trans. Geol. Soc, ser. 2, vol. ii. Pis. 47, 48 ; Mantell, Geol. Excur-
sions round the I. of Wight, &c., Ed. 3, p. 289 ; see also Carruthers, Trans. Linn,
Soc, vol. xxvi. Pis. 61, 63.
II
Trans. Geol. Soc, ser. 2, vol. iv. p. 15 ; Webster, Ibid., vol. ii. p. 44 ; and
Buckland, Bridgewater Treatise, Plate 67.
t' Trans. Geol. Soc, eer. 2, vol. iv. p. 219.
PUEBEOK BEDS : ISLE OF PORTLAND. 265
and Portlands is exceedmgly well marked in the Isle of Portland,
you speak of the supposed line (I thought the same here [Lul-
worth] for the first two months), as marked by the dirt-beds and
physical features. One of my points is proving how far exactly the
Purbecks extend downwards, and the result is, that all the so-
called " caps " are Purbeck without a question, the freshwater
beds with Purbeck fossils lying directly upon the Portland beds
with marine fossils, though strangely alike in mineral character
and consolidation."*
Below the Light House the Purbeck Caps become thinner and
appear to merge into one bed. Towards the Bill both beds are
seen, the Top Cap being much paler in colour than the under-
lying Skull Cap. It was near the Bill that remains of Valvata
and Cyrena were somewhat doubtfully recorded from the Cap Beds,
on the authority of Edward Forbes.f Mr. A. M. Wallis has
obtained Oyprides and some Fish-remains in a seam of soft stone
at the base of the Top Cap. (See p. 280.)
Above the Top Cap we come to the celebrated Great Diet
Bed (or Black Dirt) of Portland. This is an irregular layer of
clay and carbonaceous earth, with numerous partially rounded
stones ; these are composed of more or less oolitic limestone, and
appear to have been derived chiefly from Portland rocks, although
I believe some pieces may be derived from the Cap beds. Mr.
Horace T. Brown indeed suggested to me in 1884i that superficial
weathering of the underlying beds in Purbeck times, might
account for the stones. Analyses which he has made of some of
the fragments and of the Top Cap support this view. No stones
that could not have been obtained from local strata have been
noticed. This Dirt Bed is very irregular, seldom exceeding 1 foot
in thickness, and almost thinning out in places.
The Burr Bed (Burr of'the Aish or Soft Burr), above the
Dirt Bed, although practically forming part of it, is a calcareo-
siliceous layer from 9 inches to 1 foot thick, having an irregular
mammillated appearance, well shown in a drawing made in 1832
by Henslow.J Remains of silicified trees are found in hollows of
these mounds, which are sometimes of circular form and as much
as 6 feet in diameter, and sometimes oval and as much as 9 feet
in length. Occasionally these oval masses are indented like the
figure 8 with one or two rings of corrugated masses of earthy
limestone, (See Figs. 124 and 133, pp. 242 and 263.)
Gentle undulations in the overlying Purbeck Beds that affect
the beds to a height of 12 or 15 feet, appear to correspond with
these mounds, but the beds are but rarely " broken " as in the Isle
of Purbeck, excepting where they occur above the great fissures
or " gullies " that traverse the Portland stone.
Six or seven tree-stumps are sometimes to be seen on the
bared surface of the Great Dirt Bed over an area of about
* Geikie, Memoir of E. Forbes, p. 465.
t See Weston, Quart. Journ. Geol. Soc, vol, yiii. pp. 116, 118.
% Buckland, Bridge-water Treatise, Plate 57.
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400 square yards. Tliey rise from a few Inches to about 3 feet,,
and rarely to as much as 6 feet, occasionally penetrating the over-
lying Aish Bed. Trunks of Conifers are sometimes found lying
prostrate, and partially imbedded in the Dirt Bed. Specimens
frnm 2 to 4 feet in diameter have been obtained, and as much as
23 feet in length. One example, 18 feet in length, is placed
outside a house in Fortune's "Well. The " Bird's Nests " (Oycads)
are also occasionally found at this horizon. All the plant-remains
are more or less silicified, but they contain coatings of carbonate
of ^lime, and some ferruginous matter. Roots have never beea
observed to penetrate the Top Cap.
What is called the cap of the Burr is a hard brown cherty
limestone, that decomposes in places into a sandy calcareous
earth. As remarked by Fitton, the Burr Bed "has obviously
been deposited around the lower part of the petrified trunks."*
The silicification of the beds and plant-remains has been
attributed to the action of siliceous springs.f Webster remarked
:
" The woody part is siliceous, and the longitudinal vessels are
filled by and surrounded with radiated quartz ; numerous veins
of chalcedony and quartz also pass through these stems, but
always following the direction of the concentric and radial
Btructure."t
The Aish (or Ash) is a soft earthy and sometimes fissile
limestone, closely connected with the underlying bed, and having
often a banded appearance. Mr. Lydekker has obtained remains
of Cimoliosaurus from this bed.§
The Bacon Tier consists of earthy limestone with layers of
sand, presenting sometimes the fissile character of the " slate
"
abcve.
The Hard Slatt (or slate) is a fissile limestone from which
Fitton obtained Cyprides and a small Modiola. Fish-remains
have also been found in this bed by W. Gray. The Cyprides
include Candona ansata, C. hononiensis, and Cy-pris purbeckensis. \\
Occasional Dirt-layers are found at the base of the Bacon Tier
and of the Hard Slalt.
The higher strata include bands of clay and fissile limestone,
usually presenting a rubbly appearance. In these upper beds at
Steward's quarry, Kingbarrow, there were found several Bee-
hive shaped pits, 7 to 9 feet deep, built of thin flaggy stone and
covered with slabs. One of the pits extended through the Hard
Slatt. Attention was called to them by Mr. A. M. Wallis.
They had evidently been used for storing grain.l'
* Trans. Geol. Soc, ser. 2, vol. iv. p. 220.
f On this subiect see W. H. Weed, 9th Annual Eeport, U.S. Geol. Survey, p. 619 j
H. Graf zu Solms-Lauhach, Fossil Botany (English Translation, Oxford), 1891,
p. 29 ; and H. G. Lyons, Quart. Journ. Geol. Soc, vol. 1. p. 545.
J Trans. Geol. Soc, eer. 2, vol. ii. p. 42.
§ Quart. Journ. Geol. Soc., vol. xlvi. p. 47. The specimen was describsd as from
the Cinder Bed, which is not known in Portland.
II
T. K. Jones, Quart. Journ. Geol. Soc, vol. xli. p. 325.
T Damon, Geol. Weymouth, 1884, p. 165 ; and Holmes, Proc. Geol. Assoc,
vol. viii. p. 404.
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From Portisham and Upway we find no exposures of Purbeck
Beds until we come to the Vale of Wardour, the rocks probably
stretching beneath the Cretaceous covering in the direction of
Dorchester and Blandford. It must be remembered however that
the concealed outcrop is probably shifted a few miles eastward by
tlie Kidgeway fault.
Vale of Wardour.
In this district the Purbeck Beds are well shown in many
<]uarries and cuttings, but we have no continuous section to enable
us to estimate the full thickness with accuracy. The beds have
been described by Fitton, Brodie, O. Fisher, J. F. Blake,
Hudleston, W. R. Andrews and A. J. Jukes-Browne.
The general succession of strata appears to be as follows :
—
Purbeck
Beds. 3
u 18
15
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-8 to 10
Fig, 134,
—
Section at Chilmarh, in the Vale
of Wardour.
^
9. Flaggy limestone and marly clay"! Fi. In.
8. Dirt Bed, 1 ft. to 18 ins. thick,
like the Great Dirt Bed of
Portland, a carbonaceous clay
with remains of Cycads, and
with rounded lumps of lime-
(q stone and decomposed chert
-
^ 7. White marly rock and clay of
irregular thickness
6. Dirt Bed, marly and carbonaceous
clay with stones
5. Marly clay and irregular earthy
^ limestone
3 4. Tufaceous and granular oolitic
stone, irregular
3. Earthy tufaceous limestone with
chert seams, passing down into
pale fissile and earthy lime-
^
stone . . - 6
fa. Buff oolitic stone, forming roof-
I
hed of mine, with marly hand
I
at base - - 3
J 1. Buff compact oolitic, and in
places rather sandy limestones.
(Upper Building Stones).
Seen to depth of 12 feet, the
lowest bed containing chert.
13
Messrs. Andrews and Jukes-Browne record Mantellia ( Cycade-
oidea) microphi/lla ; and in the layer above noticed as the upper
Dirt Bed, they noticed an upright and rooted stump of a tree, the
stem standing about 6 feet high.
The Lower Purbeck Beds were observed by Fitton in some of
the old quarries at Upper Chicksgrove. The details of the strata
vary considerably from place to place, even in one quarry, as
at Wockley, There the general section which 1 noted-was 'as
follows
;
Lower
Purbeck
Beds.
Upper
Portland Beds.
(See p. 204.)
14. Loamy soil - - -6 to
13. Fissile limestones, some oolitic
;
and marls and clays -with layers
of sandy limestone and sand:
abont ....
12. Hard marly limestone
11. Banded limestones and marls
10. Dark clays . - - -
9. Sandy limestone ...
8. Earthy marl with, irregular (? con-
cretionary) masses of stone
7. Fissile limestones - - 2 to
6. Dark shaly clay, much squeezed
up in places.
5. Compact limestones
'
4. Roachy bed with chert at top.
3. Chalky limestones.
2. Sandy limestone.
. 1. Shelly and sandy limestone.
Ft.
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The Purbeck Beds resemble in some respects the lower beds of
Lulworth Cove and Worbarrow. They undulate and are much
broken up in places. Bed No. 6, which was best shown in the
northern part of the pit, may represent one of the Dirt Beds,
while Bed 8 reminded me of the Soft Burr and Bacon Tier of
Portland. '
Messrs. Andrews and Jukes-Browne* fiajure a cm-ious distur-
bance in the beds, but I saw nothing so striking as they have
represented (in a slightly diagrammatic manner), either in 1885,
or on a subsequent visit, in 1894, in company with Mr.
Strahan.
Fig. 135.
Section at
Wockley, near
Tishury.
In the Museum of Practical Geology there is a
" Large Block of Limestone, showing the junction
between the Portland and Purbeck formations from
Oakley [Wookley] Quarry, near Tisbury." It was
thus described by H. W. Bristow • "In the quarry
from which the specimen was taken, the uppermost;
bed of Portland Stone ia harder than the chalky
limestone upon which it reposes, and is crowded
with marine shells common to the formation, viz.,
Trigonia, Cardium dissvmile, Ostrea, &o. Imme-
diately above this stratum is a bed of hard, grey,
bituminous limestone, the upper foot of which is
fissile and used for flagstones. In the specimen, as
in the quarry, the exact line of junction between
the shelly bed and the fissile limestone is scarcely
distinguishable to the eye, but when broken by a
heavy blow the Portland Stone and the Pnrbeck
split ofi"' from each other at the junction, along a
smooth and even surface. The line of demarcation
between the two strata is crowded with fish."t
In their section at Wockley Messrs. Andrews
and Jukes-Browne group with the Portland
Stone the hard flaggy limestone that I have
included at the base of the Purbeck Beds.
They state that the flaggy and shelly portions
" are firmly welded together, and would yield
a slab like that at the Museum of Practical
Geology, in which Portland shells are visible
in the lower and Cyprids in the upper part,
but these Oyprids are not freshwater species,
being in fact Candona ansata and C. bono-
niensis (which are estuarine forms). From the
flaggy portion two species of fish have teen
obtained {Ophiopsis hreviceps and O. penicil-
latus) and also a large species of Archceoniscus."
Furthermore, they obtained from the beds
above, Candona ansata, Cypridea, Cypris,
Cardium, and Corbula alata.%
* Quart. Joum. Geol. Soc, vol. 1. pp. 49, 52.
t Catalogue of Kock Specimens, ed. 3, p. 139.
J Quart. Joum. Geol. Soc, vol. I. p. 51. See also Fittou, Trans. Geol. Soc.,.
ser. 2, vol. iv. p. 263.
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To be consistent, however, we must continue to regard the old
plane of division as the best, and going again to the district with
Mr. Strahan I found no diflBculty in determining this junction
in the quarries near Tisbury nnd Chilmark. The evidence
of the fossils shows that the change of conditions was not so
marked as in other localities where freshwater beds overlie those
of a marine character. Here we have estuarine beds overlying
marine beds, while in other places in the Vale of Wardour
the " Cyrena-beds " of the Upper Portland Beds have been
regarded as of a semi-estuarine character. (See p. 181.)
An interesting section to the south-east of Ridge has been
noted by Messrs. Andrews and Jukes-Browne as follows :—
*
Lower
Pnrbeck
Beds.
Dark brown soil - . . .
"Weathered marlstone or " lias "
Buff-oolonred marl, with seams of grey
clay .....
Soft fine-grained, marly oolite, a
mixture of oolitic particles with
triturated shells, oyprids, &c. ; with
thin layers of harder compact marl-
stone in the lower part
Soft yellowish calcareous oolitic sand .
Very hard limestone, consisting of
shelly layers alternating with seams
of compact marlstone
Soft marl with yellowish oolitic stone -
Hard grey shelly limestone
Oolitic stone, with layers of marl
Soft calcareous stone passing down
into hard limestone with pseudo*
morphous crystals of rook-salt:
Oorhula alata, Perna, Cardium, Leda,
Serpula, &c. ....
Grey laminated marl ...
Buff marlstone - - - .
Fi.
1
1
2
3
2
3
Iir.
It)
2
4
3
22 4
To the north of this quarry and just east and also south of the
letter e of Eidge on the 6-inch map—by the road-side—two large
trees that had been blown down, had torn up blocks of Purbeck
stone—shelly and sandy limestone. These were observed by Mr.
Strahan and myself, and served to indicate that hereabouts the
Oault rests directly on the Purbeck Beds.
To the south-west of Teffont Evias Church there is a long
excavation in the Purbeck Stone-beds which present a general
resemblance to Lower Lias limestones, and many beds are known
to the quarrymen as " Lias." The best section is near the
Lime-kiln at the northern end of the workings ; this I noted as
follows :
—
* Quart. Journ. Geol. Soc, vol. 1. p. 52.
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Middle
Purbeck
Beds.
Lower
Purbeck
Beds.
Brashy soil, brown Bandy loam.
'Cherty layer with many bivalves
IGyclai].
CiNDEE Bed : hard greyish brown lime-
stone, much broken up; Ostrea
distorta, [Trigonia giblosa, and spine
of Hemieidaris} ...
Clay and rubble
.
. - -
Hard grey limestone with dendritic
markings ....
Grey shelly limestones, splitting up
irregularly ; the bottom bed callsd
White Bed (6 ins. to 1 ft.) [Chelonian
bones, Hyhodus, Cyprides] -
Shaly limestone, with curious concre-
tionary projections from base of
White Bed, which disturb this
stratum [Modiola]
Pale grey rubbly marls...
White limestones [Lias No. 1] -
Sandy marl and clay [Mesodon,
Estheria, and Cyprides]
Sandy shell-limestone Blue Boce [or
Flagsioke] : bine-hearted stone,
weathering buff, with brown ferru-
ginous base called Scale, showing
tridactyl markings on under surface.
Cyrena [Fish-remains]
Clays and shales with Gypridea granu-
losa, ICypris pv/rbechensis]
Hard white marl -
1
i
Soft marl - - > [Lias No. 2] i
Hard marly limestone - J I
Soft white marl....
Hard white marly limestone [Lias
_
No. 3]
Ft. Ik.
8
6
4
6
The above section has been described in more detail by Messrs.
Andrews and Jukes-Browne, and I have added in square brackets
some of the fossils lecorded by them. They had an excavation
made below the floor of the quarry, and their observations showed
that the lowest bed of " Lias " (No. 3) above noted, was 3 ft. 6 ins.
thick, and beneath were nearly 8 feet of marls and marly lime-
stones.
From the Lower Purbeck Beds, and especially from the bands
of " Lias," Mr. Andrews has obtained many fish-remains, includ-
ing Caturus, Coccolepis, Leptolepis, and Pleuropholis. Many of
these are very beautifully preserved, but all are diminutive when
compared with the Purbeck fishes of Dorsetshire.*
The finding of Estheria subquadrata was recorded by Prof.
T. E. Jones.t
• Quart. Joum. Geol. Soc, vol. I. p. 53. ; and A. Smith Woodward, Geol. Mag.,
1895, p. 145.
t Geol. Mag., 1890, p. 389.
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The occuiTence of the Cinder Bed in situ in the Vale of Wardour
was first observed by the Rev. O. Fisher.* It has since been
proved in a well at Teffont Rectory, as I am informed by Mr.
Andrews, who "saw a rough section of the well, about 12 feet
below the floor of the cellar, showing the beds below the Cinder."
It has yielded Ostrea distorta, Cardium, Trigonia, Corbula, &c.
The Purbeck stone-beds, comparable with those of Teffont
Evias, have also been quarried for road-metal and building-stone
on the south of Lower Ohicksgrove. There is a band of hard
grey limestone, like the Swanage stone, and compact smooth-
grained limestone termed " Lias '' (2 feet thick). These beds
overlie shelly limestones and marls, with decomposed shelly
layers and " beef ; " with Paludina and Modiola, The Cinder
Bed, as noticed by Messrs. Andrews and Jukes-Browne occurs
above these beds, and is surmounted by a marly oolitic limestone,
and by clays with " beef," &c.t
Higher up occurs the Isopod Limestone discovered by the Rev.
P. B. Brodie,J a band containing ArchcBoniscus Brodiei in multi-
tudes here and there, although the stone may in places be split up
without any specimens being observed. This fossil occurs also at
other horizons, but the particular bed above-mentioned is a
smooth-grained limestone that may be readily identified in the
neighbourhood of Dinton.
About a mile west of Dinton Station and extending north-
v/estwards along the scarp into Teffont Park there are traces of
old stone-pits. ^ Some of these must be at or near the spot where
Fitton noted his section at Dallard's Farm. This showed about
12 feet of slaty stone and clay with Ostrea distorta, Modiola,
Corbula alata, and Oyprides. Others are nearer the present line
of railway, and are those described by the Rev. P. B. Brodie
and the Rev. O. Fisher. Fitton mentions that on Ladydown,
quarries have long been worked for the sake of tilestone—
a
fissile stone, yielding Cyrena and remains of Fishes. §
Somewhat higher beds probably were opened up at Dashlet, on
the south side of the Nadder, to the north of Fovant, for there
Fitton noted oolitic particles in the top layer of stone, and found
Ostrea distorta, Fish-remains, &c., in a compact limestone at the
base of the quariy. In these quarries no doubt the stone was
obtained below the Cinder Bed.
Clear sections of the strata from the Cinder Bed up to the
junction with the Wealden Beds have been exposed in the two
railway-cuttings to the west of Dinton Station. The second
cutting west was described in detail by the Rev. W. R. Andrews
* Quart. Joum. Geol. Soc, vol. x. p. 477.
t Ibid., vol. 1. p. 54.
J Proc. Geol. Soc, vol. iii. pp. 134, 780 ; History of Tossil Insects, pp. 3, 18, 19
;
and Quart. Journ. Geol. Soc, vol. x. p. 474.
§ Trans. Geol. Soc., ser. 2, vol. iv. pp. 249-251 ; see also Brodie, Proc. Geol.
Soc, vol. iii. p. 780.
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in 1881, who then took Bed 19 as
the top of the Middle Purbeck fieds,
believing that they were overlaid
unconformably by the Wealden
Beds 20.* The clear connexion with
the overlying beds was not manifest,
and when I examined the sections in
1885 I noted, as well as I could, the
various strata that occurred above
the Isopod Limestone onwards to
the white and coloured clays on top
of the series near Dinton Station.
These white clays I took to be
Wealden and thought they were the
beds so described by Mr. Andrews.
The bed of hard eroded marl ^19)
described by him, is identical in
character with Bed 27, and this
caused my misinterpretation of his
section. In the meanwhile Messrs.
Andrews and Jukes-Browne have
given particulars of the strata, and
have included with the Upper Pur-
beck Beds, strata that I regard as
V/ealden.f In the spring of 1894
Mr. Strahan and I examined the
area"and were fortunate in finding a
fresh cutting near Dinton Station,
the railway having been widened for
the extension of the siding. We
were thus enabled to measure all the
strata from the base of the white
clays, which we regard as Wealden,
down to the blue clay taken by
Messrs. Andrews and Jukes-Browne
as the base of the Upper Purbeck.
Examining also the second cutting
where the Isopod Limestone is well
shown, we were led to believe that
that band would be met with a foot
or two below the lowest bed exposed
in the first cutting. Getting assist-
ance in digging a hole we were
successful in finding this well-marked
band of limestone No. 13, and
thereby confirmed our previous in-
ference that there was no discordance
and no evidence of faulting between
the two cuttings.
^
* Proc. Dorset Nat. Hist. Club, vol. v. p. 68 ;
Quart. Journ. Geol. Soc, vol.xxxviii. p. 251.
t Quart. Journ. Geol. Soc, vol. 1. p. 55
;
and H. B. W., Jbid., p. 71.
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The following is the section exposed in the railway-cuttings
west of Dinton railway-station (see also Fig. 136, p. 273) :
—
' Ft. In.
"34. Irregular gravel passing down into whitish
stony clay - - - - 5
33. White, grey, and mottled clay, passing
down into white and ochreous clay with
seam of greenish sand - - - 3
32. Laminated yellow ochreous clay and
sandy seams - - - 2 3
31. Brown, black, and white sand, and thin
layer of laminated clay - - 6
Fig. 137.
Section at Dmton.
> =
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down into clay :
-'o li'
P-l
S
4. White limestone
3. White limestone
2. Marly bed
1. Brown sandy limestone
'30. White marl passing
with Cyprides - - - 1
29. Shelly calcareous grit - Ij to
28. Gritty marl - - - -
27. White marl with black (carbonaceous ?)
matter on top - - - 4 to
26. Blue clay- -
25. Bluish-grey calcareous sandstone -
24. Marls and clays, with thin bands of
" beef," and thin impersistent layers of
sandstone - - -19 to 26
23. White shell-marl, with thicker bands of
"beef"- - - - -30
22. Dark blue clays, with shell-marl, " beef,"
and ferruginous matter - 2 6 to 3 3
21. Blue-hearted shelly and sandy limestone,
with greenish earth in places, lignite,
Unio, Paludina.
Brown calcareous sandstone. The whole
passing into sand with ferruginous
layers - - - - - 2 8
20. Yellowish sands and laminated sands and
clays, passing downwards, and laterally
into stifE blue clay - - 4 to 6
19. Hard-jointed white marl, the surface
eroded and the hollows filled with clay
(like bed 27) - - Ij to 1 3
15. Thin laminated marl, with layers of clay
and sand, shelly bands and " beef " - 1 6
17. Calcareous sandstone passing into sand
1 to 1 6
16. Clay with shelly bands - - - 1 3
15. Brown sandy rock with Cyrena • - 6
14. Shell-marl with greenish tinges - - 1
13. Smooth-grained grey limestone with
Archteoniscas - - - - 3
12. Sandy shell-marl - - - - 3
11. Grey marly and ferruginous limestones - 9
10. White limestones - 13
9. Shelly and sandy limestones. Fish-re-
mains - - - - - 5
8. Shell-marl with " beef " - - 5
7. Cinder Bed: earthy limestone with 0*<reo
distorta - - - - 1 3
6. Marly and sandy layer with " beef " - 5
5. Grey sandy and shelly limestone with
marly seam - - - - 1
- 8
- 6
- 7
- 1
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Still lower beds were noted as follows, m the adjacent quarries,
by the Eev. O. Fisher in 1853 :—
*
Ft. In.
Eibbon clays and sands, with com-
pressed shells - - - - 1
Hard crystalline limestone, with com-
minuted shells, Gyjaris and Cyrena - 1 6
Brown sand, full of crushed bivalves
and Serpulaa - - - - 9
Blue and grey laminated clay with
limestone nodules, thin " beef," and
crushed bivalves • - - ]
Hard grey marly limestone - - 3 6
Dirt-bed- - - - - 3
Laminated clay and soft and hard
marls - - - - - 1 6
Hard marl with conchoidal fracture - 8
These lower beds represent the " Lias " beds, &c. of Tefiont ;
from the Middle Purbeck Beds Mr. Rhodes and I obtained the
following fossils :
—
Lower
Purbeck
Beds.
Lepidotus.
276
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,
attention has been drawn by Mr.
F. Rutley in a paper "On the
Dwindling and Disappearance of
Limestones."*
Swindon.
From the Vale of Wardour north-
wards we see no traces of Purbeck
Beds until we. reach the outlier at
Swindon, for in the intermediate
area the beds are concealed beneath
the Chalk of Salisbury Plain. Their
underground course might be antici-
pated to lie beneath the Cretaceous
covering at Market Lavington, near
Patney in the Yale of Pewsey and
beneath the Marlborough Downs;
possibly the Swindon outlier is not
far from a concealed mass of the
strata, but we have no evidence of
their continuity, though we may
infer that Purbeck Beds would be
present where both Portland and
Wealden Beds occur.
At Swindon we have but the
lower portion of the Purbeck Beds
exposed, and the accompanying
section (Fig. 138.) shows all the beds
I was enabled to observe.
V\r.1/;^^.'
K:
[)•.
Section on the western side of the
great quarries at Swindon :
—
Ft. In.
14. Pipes of reddish-!
brown clay
13. Rubble of greeniBh- >3
clay and obalky I
marl -
-J
12. Chalky sandstone
and fissile sandy
limestone, with
intervening bed
of marl - - 8
Purbeck 11. Marl, and hard
Beds. ^ marlyandcaver-
nous limestone - 1 4
10. Hard, white-
banded, marly,
fissile limestone,
with Oyprides - 7
9. White marly bed
[Palndma] -10
8. Dark, bluish-grey,
marly and
earthy clay - 1
* Quart. Journ. Geol. Soc,. vol. xlix. p. 372.
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Pnrbeck Beds. •<
Upper Portland
Beds.
Ft. In.
7. Light marly and racy clay, and fer-
ruginous marl - - - 6
Yellow, ochreons, and calcareous
bed 14
6. Pale marl, ochreoiis and sandy in~|
places - - - -
J
Blnish-grey marl, with lenticular ^3 6
blocks, masses of stone and peb-
bles at base
5. Hard limestone, oohreous and nodu-
lar in places ...
Marl and hard white marly lime-
stone ....
4. Kubbly marls, with rolled lumps of
limestone at base ...
3. Calcareous shelly sands, with"!
Osirea, Pecten, and lignite - >
Hard calcareous sandstone - - J
Sands, with beds of hard calcareous
sandstone ... about 10
2. Hard marly limestone.
1. Bluish-grey limestone, with lydite
pebbles.
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Such a view seems to me purely hypothetical, although it may
be freely admitted that the conditions attending the deposition of
our Portland and Purbeck Beds may have changed somewhat
irregularly over the area.
The fossils from the Purbeck Beds of Swindon include the
following : the Ostracoda having been determined by Prof. T. R.
Jones :—
*
Paludina.
Planorbis.
Unio.
Candoua ansata.
bononiensia.
Cypridea Dunkeri.
punctata.
Cypris purbeckensis.
Cythere retirugata, and var.
rugulata.
Shotover Hill and Garsington.
Shotover Hill is situated between two and four miles east of
Oxford. The old coach road to London passed over the summit,
and the several groups of strata opened up from near Headington
at the western foot of the hill to the " Iron Sands " on the top,
early attracted the attention of geologists. These Iron Sands
which have yielded deposits of ochre and fuller's earth, are usually
assigned to the Lower Greensand, but certain fresh-water shells
having been found in the lower strata. Prof. Phillips and Prof.
Prestwich have considered that Wealden Beds also are repre-
sented.f The Ostracoda would lend support to this view.J
These Iron Sands, however, appear to rest unconformably on
the Portland Beds below, whereas in all other localities where we
find Wealden Strata they rest conformably on Purbeck and Port-
land Strata, and they are in the south-west of England overlaid
with marked unconfonnity by the Lower Greensand. There is no
evidence of Purbeck Beds on Shotover Hill ; but the Portland
Beds form a straggling outlier stretching in a south-easterly
direction to Garsington and Cuddesden, and covered irregularly
by two other outliers of the Iron Sands, . which in one place
near Littleworth overlap the Portland Beds, and rest directly on
Kimeridge Clay.
In this south-eastern portion of the Portlandian outlier, traces
of Purbeck Beds were noted here and there by Fitton.§ Thus
above the Portland Stone at Combe "Wood, south of Wheatley,
he observed beds like the " Malm " of Garsington. They con-
sisted of compact and oolitic limestone and rubble, and yielded
remains of Cypris, Mytilus, Modiola, Paludina ehngata and
Planorbis ? They were overlaid by strata referred to the Lower
Greensand. (See p. 218.)
The following section of a stone-pit at Garsington was also
recorded by Fitton :— ||
* Quart. Journ. Geol. Soc, vol. xli. p. 380.
t See also Morris, Proc. Geol. Assoc., vol. ii. p. 36.
X T. E. Jones, Quart. Journ. Geol. Soc, vol. xli. p. 320.
§ Trans. Geol. Soc., eer. 3, vol. iv. pp. 272, 275.
II
Ibid., ser. 2, vol. iv. p. 277.
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Ft. In.
Loamy soil « - - - 2
Lower f Ferruginous brown Band and greenish
Greensand 1 ^* ' "^^^^ yellow ochre and fuller's
L earth - - - - - 8
'Malm, soft limestone, and softer marl,
much decomposed ; comprising:
—
a. Light greenish-grey marl with,
in the upper part, detached
fragments of silicified conifer-
ous wood, like that of Portland,
and portions of bone
;
Pnrbeck Beds. ^ h. Limestone, with oolitic grains
;
Paludina, Plano7-bis?, Mytilus,
and Cypris;
c. Limestone, in some places like
the "Pendle"' of the p'its at
Whitchurch, oolitic and bo-
tryoidal in places, with
_
Paludina, &c. - - - 4
Portland Stone.
~^
Loriff Crendon, Brill, Ayleibury, and Whitchurch.
Purbeck Beds, attaining at most a thickness of 30 feet, have
been observed on several of the Portlandian outliers near Aylesbury.
Their presence at Long Crendon, Dinton, and Bishopstone was
noted by Fitton ; * and their occurrence at Brill "was pointed out
by the Eev. P. B. Brodie.f Purbeck Beds have also been observed
near Ouddington, 8ec. On the whole there are few sections now
to be seen, and the strata do not present many features of general
interest. The occurrence of silicified wood at Garsington is of
interest, forBuckland said he found traces of a dirt-bed above the
Portland Stone about two miles north of Thame
—
^probably at
Long Crendon. (See p. 220.)
In the neighbourhood of Aylesbury and Whitchurch, as remarked
by Mr. Jukea-Browne, the Purbeck Beds form a very vranable
series, and although in some places he thought there was evidence
of contemporaneous erosion between them and the underlying
Portland Beds, yet in other sections it " is very difficult to say
where one group ends and the other begins."
The Lower Purbeck Beds were well shown at the Bugle Pit,
Hartwell. On top there was an accumulation of rubble and clay
with stones, that rested irregularly in hollows of the underlying
beds. This appeared to me to belong to the Drift. The strata
have been previously noted in tlie description of the Portland
Beds. (See p. 224.) They have yielded remains of Plants,
Cyprides, Cyrena, Mytilus, Insects, &c. From the collection
of the late Dr. -Lee at Hartwell, Messrs. Sharman and Newton
identified Turtle Bones, and remains of the Fishes, Aspidorhynchus,
Lepidotus minor, Pleuropholis serrata, Mesodon (Pycnodus), and
Strophodus.
* Trans. Geol. Sec, ser. 2, vol. iv. pp. 282-2b7
t Quart. Journ. Geol, Soc, vol. xxiii. p. 197.
81438.
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Pi-of. T. II. Jones obtained the following species of marine and
freshwater Ostracoda from beneath the junction of Purbeck
and Portland Beds ; the material having been forwarded by Mr.
.Tukes-Browne :
—
Candona ansata. ' Cythere retimgata.
bononiensis. var. rugulata.
Cypris purbeokensis. I
This evidence, in Mr. Jukes-Browne's opinion, points to a gradual
transition between the formations ; as all the above-mentioned
species were also obtained from the Purbeck Beds.* (See-p. 227.)
The occurrence of Purbeck Beds on Quainton Hill was noted
by Fitton. Beneath the Lower Greensand, consisting of red sand
and ferruginous conglomerate with ochre, clay, fuller's earth, and
sands, altogether about 17 feet thick, the following beds were
observed :
—
<
Ft. In.
Clays with fragments of shells (obscure)
Hard sandstone or siliciferous grit, with Faludina and
Gyrena? - - - - - 3
White sand and clay, with decomposed shells j Mytilus,
Modiola, and Cypris - - - 3
Fissile oolitic stone (P.endle), with Cypris, Oyrena (Oyclas)
pa/rva, Modiola, and Mytilus - - - - 6
The Pendle rested on the Portland Stone, but there was evi-
Jently some unconformity with the overlying beds, for at one
point the Purbeck Beds were covered directly by the hard ferru-
ginous conglomerate which elsewhere occurred above the main
mass of sandy strata grouped with the Lower Greensand. Fitton
thought that the siliciferous grit might belong to the Wealden
Beds; but all the layers may be grouped with the Purbeck form-
ation. Similar beds were noted by him in the outlier at Oving
and Whitchurch, to which reference has previously been made
;
and he recorded thin layers of Purbeck limestone and clay in
a pit at the Warren, south of Stewkley.t Further to the north-
cast we have no evidence of any Purbeck Beds of the type of
the freshwater and estuarine beds already described.
Sussex.
The lowest beds exposed in the Wealden area emerge from
beneath the Ashdown Sand to the north and north-west of Battle,
in Sussex. The summit of the anticlinal which is much broken
by faults, is to a certain extent repeated at Ashdown Forest, but
we have no exposures there of beds beneath the Ashdown Sand.
These older strata extend from near Whatlington on the east, to
near Little Tattingworth, north-east of Heathfield on the west, a
distance of nearly 10 miles. The breadth of the exposures is
nowhere so much as one mile, and they are separated into three
* Quart. Journ. Geol. See, vol. xli. p. 329.
t Trans. Geol. Sec, ser. 2, toI, iv. pp. 272, 288, 290, 291.
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p irtions, the iwo easterly exposures being fiiulted. The western
exposure incUidcs the beds at Poundsford and Rounden Wood
;
the central exposure, that of Darvel and Limekiln Woods, with
tlie site of the Sub-Wealden Boring north of Netheifield; and the
eastern exposure includes the beds in Archer Wood.
Conybeare and Phillips, in 1822, remarked that the " argillo-oalcareons
formation " near Battle " will probably be found, on an attentive exami-
nation of all its beds, especially the lowest, to coincide with that of
Purbeck." *
In 1824 Thomas "Webster remarked on the very close resemblance
between the beds quarried near Battle Abbey and the Purbeck strata
; t
and in the same year Pitton noted the occurrence of " Gyrena" and other
fossils " in slaty clay betivsen the beds of limestone, near Darvol Wood,"
strata which he stated to be " below the Hastings' Sands.
"J Later on he
commented on the similarity between the clays with " Cyclas " found in
association with the limestone north-west of Battle, and certain Purbeck
strata near Swanage.§ In the meantime Mantell || also referred to these
strata, but the fossils from Poundsford, or Pounceford, were noted as
"Wealden.
Fitton, and afterwards Mantell, described the strata under the name of
AsHBtTRNHAM Beds, although the village of Ashburnham is situated more
than three miles to the south-west of the nearest exposure near Netherfleld.
Under this name the strata were mapped by Mr. C. Gould, and they were
so designated on the Geological Survey Map, sheet 5 ; but in 1875, when
Mr. Topley described the Wealden area in detail, he decided to group the
Ashburnham Beds with the Purbeck Beds, because they were known to
contain some Purbeck fossils, " and also because of the striking lithological
difference between these beds as a whole and the Wealden proper." If
No sections showing the junction of the Purbeck Beds and
Ashdown Sand have been observed, but Mr. Topley remarks that
" the two divisions are well marked off" from each other, although
in the lower part of the Ashdown Sand there is a good deal ot
loam and clay, the representative of the Fairlight Clays of the
coast." He considered it probable that the Purbeck Beds " occur
at 110 great depth below the base of Fairlight Oliffl" ** The
Fairhght Clays comprise coloured clays, with many beds of sand
and sandstone, and lignite, and present characters that clearly
associate them with the Wealden rather than with the Purbeck
formation.
The Purbeck Beds consist of a group of shales with important
biinds of limestone, occasional beds of hard calcareous sandstone,
and in the lower part with bands of gypsum.
The succession of the strata has mainly to be made out from
the records of old shafts, sunk to obtain the beds of limestone j
the Sub-Wealden Boring added further particulars, and there arc
a few exposures of the strata along the banks of streams and in
quarries.
* Outlines of Geol. Eng. and Wales, p. 148.
t Trans. Geol. Soc, ser. 2, vol. ii. p. 44.
i Ann. Phil., 1824, vol. xxiv. p. 379.
§ Geological Sketch of Hastings, 1833, p. 50, and Plate I'ig. 1 ; Trans. Geol.
Soc, ser. 2, vol. iv. pp. 176, 209, 216.
jl Jbid., vol. iii. p. 21.5 ; Geol. South-east of England, 1833 ; Geol. Isle of Wight,
ed. .<!, 1854, Table p. 42.
1 Geol. Weald, p. 31.
** Geology of the Weald, pp. 30, 33, and 45.
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The lituestones, as remarked by Mr. Toplcy, occur chitfly on
two horizons ; the higher series is termed the " Greys," and the
lower the " Blues."
The total thickness of the Purbeck Beds was estimated at
about 400 feet by Mr. Toplcy, and the following appear to be
the main sub-divisions :
—
Ft.
30
In.
50
130
Shales, &o. - - - - - - about
" Greys," Limestones (about 12 or 14 beds, 2 to 12 inches
tiiick), calcareous sandstones and shales, with selenite,
&c. In the upper part of the " Greys " there are two
or three layers of shelly limestone known as " Ragged
Bulls," which pass into hard calcareous sandstone
Black, grey, and greenish shales and clays, with iron-
stone nodules, occasional bands of limestone, and sandy
beds ....--.
" Blues," Limestones (about 10 beds, 3 to 20 in. thick),
and shales, Ostrea . . . - .
"Eounden Greys," Limestones and shales
Shales, with gypsum .....
The following fossils have been obtained from the Purbeck
Beds of Sussex, and most of them have been recorded by Mr.
Topley :—
25
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Several pits had also been opened east of Davvel Beach Farm
" for the purpose of extracting the hard calciferous sandstone
which occurs in the upper part of the Greys." Two layers of
this rook intercalated with beds of limestone, were worked. They
were exposed in quarries to the south-east, and west of Suep's
Wood : where the following section was noted when I visited the
district in company with Mr. Topley :
—
Ft. In.
Shale and clay, with bands of shelly limestone and shale.
TopEock 8
Shale, &o. 17
Bottom Eock - - - - - - 1 8
The rock-beds consist of blue gritty limestone or calcareous
sandstone with plant-remains. They are used for road-metal.
Other limestone-beds occurred lower down, and dark shales were
exposed by the stream.* The beds in Darvel Wood occur beneath
the main mass of the " Blues."
At the Sub-Wealden boring the site chosen was in Councillor's
Wood, just south-east of the stream which divides that wood
from Limekiln Wood, and north of Netherfield.
The boring was commenced in the strata locally known as the
" Bastard Blues," below the " Main Blue," which is the top bed
of limestone in the series of " Blues."
Some of these beds are exposed in the banks of the adjoining
stream—there as described by Mr. Topley, " they (the ' Bastard
Blues
') consist of calcareous shales, with bands of argillaceous
limestone or cement-stone, closely resembling in appearance the
lowest beds of the Lower Liap."
Limestone with Ostrea is found south-east of the present
Gypsum-works, and some of the beds of limestone break into
rhomboidal fragments like the Lias of Aberthaw and other
places.t
The following detailed account of the Purbeck strata passed
through in the first Sub-Wealden boring (Sept. 1874) was
drawn up by Mr. Topley :
—
J
Boeing at NEiHEEnELD.
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A specimen of a limestone termed " cutlets," now placed in the
Rock-collection at the Museum of Practical Geology, was obtained
during the course of the Geological Survey. Mr, Topley mentions
that the term " Cutlet " seems to have been applied to any bed
of inferior limestone, at whatever horizon it may have occurred.*
An illustration of this rock has been previously given (Fig. 104,
Mr. Gould mentions that the beds above the Greys were to be
seen in Little Poundsford Lane, just south of the stream, where
he noted the following section :
—
Ft. In.
Sand and loam.
Shale, &c. - - 30 or 35
r Thin bed of limestone (Ragged Bull P).
Greys. i Shales, &c. - - 10 or 15
I Limestone (Maia Bull ?}.
The Greys Beds are well developed, and some of the strata
were to be seen in the banks of the stream south of Poundsford.
Cyrena occurs abundantly in some of the layers of limestone and
shale, and in a bed of calcareous sandstone beneath the " Eaggeci
Bull," Melanopsis, Hyhodus, and Eeptilian remains, were fouu'l
by Mantell, and later on by C. Gould. This bed is on about
the same horizon in the Greys as the calciferous sandstone
noted near Darvel Beach Farm. The old quarry described by
Mantell t is situated near Pouadsford Farm. Good sections of
the strata are exposed by the cascades in Poundsford Gill. There
we find beds of dark shale with thick irregular and interrupted
bands of stone, the general appearance being like a section of
Coal-measures. The " Greys " were formerly worked above the
cascades by means of a shaft. Some of the shales associated with
the Greys are described by Mr. Topley as "peculiar tough, dark
brown and blackish leathery shales, which when dry somewhat
resemble stiff brown paper in character, and occasionally also in
colour."J They contain crushed specimens of Cyrena. At a
lower horizon, and separating the main mass of Greys and Blues,
we find a series of green, grey, and black shales with ironstone-
nodules, together with sandy beds.
Dark grey clays and shales with shelly layers and occasional
bands of shelly limestone, were exposed along the banks of the
Dudwell stream south-west of Poundsford.
From the beds exhibited in this neighbourhood which I visited
under the guidance of Mr. Topley, and in company with 2Ir.
R. H. Tiddeman and Mr. J. E. H. Peyton, we obtained a few
fossils, as follows :
—
Goniopholis. I Cyrena parva P
Cardium. Ostrea,
Oyrena media. I Unio.
Ostrea distorta has been recognized from Poundsford.
* Geol. Weald, p. 36.
t Geol. South-east of England, pp. 219, 228, &c.
X Geol. Weald, p. 31.
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At Perch Hill, south-east of Burwash Wheel, the Greys beds
are Tcoiked by means of a shaft 30 or 40 feet deep. Here also
beds of hard calcareous gritty sandstone are obtained. The rock
is too hard to be dressed for building-puruoses, and it is employed,
like the beds at Darvel Beach Farm, for road-metal. Bivalve
MoUusca and plant-remains occur abundantly in the stone.
The general characters and the organic remains of these Sussex
Purbeck Beds thus accord well with those of the Purbeck Beds
of Dorsetshire and Wiltshire.
Lincolnshire.
Although in passing to the north-east of the Aylesbury are:i
we have no further evidence of Portland strata in situ in the
district under consideration, yet we find relics of these beds in the
Lower Greensand in various localities.*
In describing the Lower Greensand of Wicken, Potton, and
Brickhill, near Woburn, Mr. J. F. Walker,t Mr. J. J. H. Teallf
and subsequently W. Keeping,§ have noted the occurrence of
many fossils derived from the Oxford Clay, Corallian Rocks, and
Kimeridge Clay, and the following forms which belong to Port-
landian species .
—
Ammonites giganteus ?
Natica elegans.
M"oritoma sinnosa ?
Area.
Astarte cuneata.
hartwellensis.
Oytherea rugosa.
Lucina portlandica.
Myoconoha portlandica.
Sowerbya.
Trigonia gibbosa.
Oardium dissimile.
In addition to these there have been recorded from Potton,
Endogenites erosa, and remains of Iguanodon, that may have been
derived from Wealden strata ; and silicified wood has been found
at Brickhill.
Mr. Teall has remarked that "the phosphatic deposit which
has been identified at Potton, Ampthill, Brickhill, and Leighton,
and which is probably far more persistent than was at first sight
supposed, occupies different positions in the different localities.
Thus at Potton it is found towards the top of the sands, at Brick-
hill and Ampthill at a much lower horizon, while at Kushmore
Pond, near Leighton, it rests directly on the [Oxford] elay."||
There is thus locally a considerable mass of sands, including the
fuller's earth of Woburn, that is older than the Potton nodule-
bed ; and although the nodule-beds of the Lower Greensand of
Cambridgeshire, Bedfordshire, and Buckinghamshire have been
compared with the Folkestone Beds, including the Bargate Stone,
* Id a list of Fossils from t\e Fenland area (Skertchly., Geol. Fenland, p. 317)
a column is given tor Portland Beds; but there is no evidence to support the
statement.
t Rep. Brit. Assoc, for 1866, Sections, p. 67.
j Potton and Wicken Deposits, 1875.
§ Fossils of Upware, &c., pp. 40, 45, 155 j Geol. Mag., Dec. II., vol. ii. p. 373.
II
Potton and Wioten Phosphatic Deposits, p. 29.
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yet in the midland area there may be earlier stages of the Lower
Greensand in the Shotover Iron Sands and in the fuUer's-earth
beds of Woburn, the precise relations of which to other beds in the
south of England and in Lincolnshire have yet to be determined.*
In Yorkshire the researches of Prof. Judd,t followed by those
of Mr. G. W. Lamplugh,J have shown that overlying the Upper
Kimeridge Clay there is a thin " Coprolite-bed " and a series of
clays and shales, forming part of the Speeton Olay, that yield a
mixture of Jurassic and Cretaceous forms. In the bed with
phosphatic " pebbles," Lucina portlandica, ? Area, and some
other fossils were found, and the overlying clays have yielded
Lingula ovalis ? Pecteii lens var. Morini, Thracia, and Avicula
incequivalvis. There also occur a variety of Exogyra sinuata,
Ammonites gravesianus (Fig. 139, p. 288), together with Belemnites
lateralis (Fig. 140, p. 288), a form taken to characterize the zone.
In Lincolnshire the beds have been studied more particularly
by Prof. Judd, Mr. Henry Keeping, and subsequently by Mr.
Jukes-Browne and Mr. Strahan, It should not be forgotten,
however, that a very good account of the strata and their fossils
at Nettleton Hill, by W. H. Dikes and J. E. Lee. was published
in 1839.§
Mr. Lamplugh remarks that in Lincolnshire the zone of
B. lateralis comprises both the Spilsby Sandstone and great part
of the Claxby ironstone. There the base of the Spilsby Sandstone
is marked by a nodule-bed which yields Lucina portlandica and
other fossils noted p. 293. In reference to the Yorkshire " coprolite-
bed," Mr. Lamplugh remarks : " It is difficult to say whether the
fossils which occur in this seam are indigenous to it or have been
derived," but he adds, " it seems to me that this coprolitio band
may have been formed during a period when, either through the
increased strength of the current, or through lack of material, or
from some other cause, the deposition of the clay ceased and
allowed time for the heavier nodular matters dropped over the sea-
bottom to accumulate as a band." Prof. Blake however regards
the fossils as remanie.\\
The observations of M. Serge Nikitin,*[[ and more especially
those of Prof. A. Pavlow,** tend to show that our Purbeck and
uppermost Portland Beds, and also the Spilsby Sandstone, may
be correlated with the Upper Volga Beds of Russia, while the
Lower Volga .Beds include the upper portions of our Kimeridge
* Keeping, Eossils of Upware, &c., p. 47 ; see also Strahan, in Geol. Lincoln,
p. 88 ; and Green, Kep. Brit. Assoc, for 1894, p. 644.
t Quart. JoTim. Geol. Soc, vol. xxiv. p. 218 ; vol. xxvi. p. 326.
J /fiirf., vol. XiV. pp. 583, 608, 609 ; Rep. Brit. Assoc, for 1890, p. 808 ; see also
Strahan, Geol. Lincoln, p. 88.
§ Mag. Nat. Hist., ser. 2, vol. i. p. 561.
II
Proc. Geol. Assoc, vol. xii. p. 14U.
i Bull. Soc. Beige de Geol., vol. iii. 1889, p. 29.
** Jurassique snperieur et Cretacee inferieur de la Russie et de I'Angleterre,
Bull. Soc. Imp. Nat. Moscow, 1889 ; and Pavlow and Lamplugh, Argiles de Speeton
et leurs equivalents, Bull. Soc. Imp. Nat. Itloscow, 1892.
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Clay, and a great part of our Portland Beds. These Upper
Volga Beds are thus characterized :
—
C Ammonites gravesianus (and
Zone of Belemnites lateralis
^
gravesiformis).
( A. subditus.
It is mentioned by Pavlow that Belemnites lateralis {B. holoniensis,
Sauvage and Eigaux) has been met with in " Portlandian Beds " at
Boulogne, The Olaxby Ironstone which is said to contain
Ammonites noricus, A. regalis, and Belemnitesjaculum in its upper
part, is referred partly to the Neocomian ; and as it is also said to
yield in ita lower part Ammonites Blakei, Belemnites lateralis, &c.,
that portion is grouped as Jurassic.
Fig. 140.
Fig. 139.
m
fcA
•^. ':!;>
I
J
Ammonites gravesianus, d'Orb, J.
Belemnites lateralis, Fhil,
Nat. size.
In these studies the horizons assigned to particular species of
Ammonites Mill be found to vary to some extent in different
parts of the Continent. The general sequence is maintained ; but
as might be expected the assemblages of fossils and the ranges of
the individual species vary in diffierent areas. The subject is
unfortunately rendered more complex by the differences of
nomenclature and the differences with regard to species that
prevail among palaeontologists.
The Kimeridge Clay in East Lincolnshire from Spilsby to the
neighbourhood of Caistor is directly overlaid by strata that have
been regarded as the lower division of the Neocomian Series, the
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Lower Sand and Sandstone of Prof. Judd, to which the name
Spilsby Sandstone has been applied by Messrs. Jukes-Browne
and Strahan.*
At the base of this division and resting directly on the Kimeridge
Clay, there is always a thin seam of derived phosphatic nodules
and casts of fossils, similar to those of Potton and Sandy in
BeiJfordshiie, The mass of the rock above consists of brown,
white, or greenish-yellow sand, in many places compacted into
irregular bands of sandstone or hard grit, and often into boulder-
like concretions of hard calcareous sandstone. It contains small
pebbles of quartz, lydian stone, &c. It attains a thickness of from
25 to 45 feet. There is evidence of erosion betiveen the Kimeridge
Clay and Spilsby Sandstone, and this erosion is accompanied by
unconformable overlap as the beds are traced northwards. Hence
there appears no reason to believe that any Portlandian strata
occur in situ in Lincolnshire. (See p 177.)
The Spilsby Sandstone is exposed over a considerable tract
bordering the river Steeping, from Spilsby to Salmonby : and
there are many quarries where the stone ha.? been obtained for
building-purposes. Its thickness is about 40 feet, but at
Skegness 26 feet. The actual junction with the Kimeridge Clay
is rarely to be seen, but the phosphatic nodules and phosphatized
fossils, as remarked by Mr. Strahan, " may be picked up in
almost any freshly-ploughed field or in the soil along and just
below the junction." In such situations 1 have seen them, under
his guidance, to the east of Eresby Hall, south of Spilsby, and to
the north of Hundlebv.
Fig. 142.
Section across Hundlehy Brickyard, (A. J. Jukes-Browne.)
c. Claxby Ironstone. e. Boulder Clay.
6. Spilsby Sandstone. d. Tealby Clay.
a. Kimeridge Clay.
The relations of the Spilsby Sandstone with the overlying
strata were well &hown in the Hundleby brickyard described by
Mr. Jukes-Browne.f He remarks that above the Spilsby Sand-
stone there is " a hard calcareo-ferruginoua rock, full of brown
oolitic grains like the Tealby [and Claxby] ironstone, and of a
bluish-grey colour inside, but weathering to a yellowish brown ;"
its thickness v,'as over 14 feet. He adds that among the fossils
obtained only one species, Belemnites lateralis, is found also in
* Geol. E. Lincolnshire, 1887, p. 14.
t Ibid, pp. 22, 141.
fePILSBT sandstone: LINCOLNSHIEK. 291
the Spilsby Sandstone. The facies of the fauna, as I am informed
by Mr. Lamplugh, is chiracterisiically that of the upper part of the
zone of Belemnites lateralis of Speeton.
Pecten ductus also occurs in the ironstone, and this species has
been recorded from the Spilsby Sandstone. Pecten orbicularis
occurs in the Sandstone, and this species and Belemnites lateralis
are also recorded from the Tealby Clay of East Keal.
The Spilsby Sanrlstone has been traced by Mr. Strahan from
Scamblesby and Donnington-upon-Bain and Tealby to Audleby
north of Caistor, and again from the Barnetby Gorse Hills to
Elsham. This further outcrop may belong to a concealed outlier,
or it may be part of the main mass. In tlie southern part of this
tract the thickness ia estimated at 50 feet, at Tealby 42, Claxby
30, Nettleton 35, Audleby 15, and Elsham 10 feet.
The Spilsby Sandstone ia well shown in the Benniworth cutting
of the Louth and Bardney Railway, south-west of Donnington-
upoii-Bain. The following beds liave been described by Mr.
Strahan in whose company I examined the sections :—
*
Ft. In.
Claxby / Ferruginous clay, with oolitic grains of
Ironstone. \ iron-oxide - - - - 3
"G-reenish and brown sand and sand-
stone ; in places fine white sand, ce-
mented into a hard rook here and
there by iron-oxide - - - 19
Pebbly band with pebbles of quartzite,
Spilsby J lydian-stone, &o. ; also Belemnites
Sandstone. • lateralis, and fragments of silicified
wood - - - - - 6
Hard ferruginous sandstone, with
scattered pebbles ; impressions of
Pecten and Ammonites
seen to depth of 14
In drawing attention to the irregular cementation of the
Spilsby Sandstone, Mr. Strahan has expressed the opinion that in
places it had originally been a hard calcareous eandstone, and
that subsequently portions of the calcareous matter had been
replaced by carbonate of iron, which would be converted into the
oxide wherever the rock was exposed. In places near Donnington
he found the concretionary structure to take "the form of
vertical, oval, or round cylinders 3 to 6 feet in diameter, and
4 to 5 feet high. The cylinders are formed of six or eight
concentric rings, and stick up through the grass like the stumps
of hollow trees. The sandstone is pale yellow or white." Else-
where a kind of botryoidal weathering has been noticed, and this
tendency to irregular weathering has led to a great number of
blocks of the Spilsby Sandstone being incorporated in the Glacial
Drift, in Norfolk as well as in Lincolnshire.!
A boring at Skegness was carried through Drift and Cretaceous
Beds, &c., to a depth of 321 feet. Then followed the Spilsby
* Geol. Lincoln, p. 91 ; see also H. Keeping, Quart. Journ. Geol. Soc, vol. xxxvii.
p. 239.
t Geol. Lincoln, pp. 88, 91-93.
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Sandstone, 26 feet, and Kimeridge Clay, 78 feat ; the boring
having been carried to a depth of 425 feet.*
In "addition to phosphatic nodules, the nodule-bed at the base
of the Spilsby Sandstone, contains phosphatlzed fossils, many of
them internal casts, much waterworn and scarcely recognizable,
but some show a nacreous lustre. The following have been
recorded :
—
f
Ammonites biplex.
plioatilis.
speetonensis.
Belemnites.
Natica.
Pleurotoraaria.
Area.
Astarte.
Cardium.
CucnllEea.
Cyprina.
Isooardia P
Lima.
Luoina portlandica.
Myaoites or Panopssa.
Pectunculus.
Thracia.
Trigonia.
Terebratula ovoides.
Waldheimia Woodwardi.
Some of these fossils have been derived from the Kimeridge
Clay ; others, like Lucina portlandica, have been derived from
the Portland Beds,
The following species have been recorded as indigenous to the
Spilsby Sandstone, many of the specimens having been obtained
from the large concretionary masses of calcareous sandstone :
—
J
Ammonites stenomphalus.
plicom.phaliis.
multiplioatus.
of. rotundtis.
subditus.
Belemnites lateralis.
nissiensis.
Pleurotomaria.
Trocbus.
Astarte.
Cardium subhillannm.
CucnllsBa donningtonensis.
errans.
Inoceramus.
Lima tombeckiana.
Lucina crassa.
lirata.
Panopsea or Myacites.
Peoten oinctus (? Pavlow).
Peoten orbicularis.
Pinna.
Trigonia cf. alina.
Keeping!.
cf . Moretoni.
robinaldina.
tealbiensia.
Mr. G. Sharman, who identified the species collected by the
Geological Survey, says : " Judging from the Survey specimens
alone, there is a preponderance of Oolitic forms, but Mr. Keeping
gives a greater proportion of Neocomian forms. The strati-
graphical evidence, it seems, points to these beds as being of
Lower Neocomian age, but the fossils they have yielded form a
very distinct group with strong Oolitic afBnities. It is tolerably
evident, therefore, that these ' Calcareous concretions ' occupy a
lower horizon than any Neocomian beds hitherto described, and in
so far as Palaeontological evidence goes, seem to occupy an inter-
mediate position between the Lowest Neocomian and the upper-
* Strahan, Geol. East Lincolnshire, p. 169 j and Jukes-Browne, Quart. Journ.
Geol. Soc, vol. xlix. p. 472.
t Geol. E. Lincolnshire, p. 139 ; Geol. Lincoln, p. 93.
j "W. Keeping, Fossils of Upware and Brickhill, p. 64 ; H. Kaepiag, Quart.
Journ. Geol. Soc, vol. xxxviii. p. 241 ; Jukes-Browne, Geol. E. Lincolnshire, jip.
140, 141 ; A. Strahan, Geol. Lincoln, p. 102 j and A, Pavlow, Bull. Soc. Imp. Nat.
Moscow, 1891, p. 159.
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most Oolltfes."* Prof. A. Piivlow has since published some
remarks on the species that have been recorded from Spilsby.
That given by W. Keeping as Amm. Kanigi he believes to be
A. stchditus, Trautsch. The evidence on the whole tends to justify
the grouping of the Spilsby Sandstone as a marine equivalent ot
the Purbeck Beds.
The Claxby Ironstone is described by J\lr. Strahan as " a
yellow ferruginous clay packed with minute spherical oolitic grains
of iron-oxide, and very fossiliferous. It rests with a generally
sharp base on the Spilsby Sandstone, but passes quite gradually
up into the less ferruginous mass of the Tealby Clay
The grains are almost perfectly spherical, polished, and about the
size of millet seed. They are made up of alternating concentric
layers of clear silica and opaque hydrated sesquioxide of iron."t
The grains are sometimes cemented by a calcareous sandy matrix
;
and in this form the bed has been worked as an iron-ore.
According to Prof. Judd, the iron-ore may have been known to
the Romans, as slag has been found in association with Roman
pottery, near Claxby.
This bed is represented at Hundleby, and is well shown at
Donnington-upon-Bain, both in the Benniworth railway-cutting
and in a pit west of Donnington railway-station. At the Acre
House Mine its thickness was 13 or 14 feet as noted by Pro£
Judd. It thins out to the north and disappears " a short distance
beyond Caistor."| It has been proved to the south-east in
the borings at Willoughby, near Alford, and at Skegness.
The fossils from the Claxby Ironstone show an admixture of
forms recognized as Neocomian or Lower Cretaceous and Jurassic,
but that any distinction can be made in the bed itself seems
utterly impossible, though the attempt has been made to separate
some of the zonal fossils by Prof. Pavlow. The majority of
the species aie distinctly Neocomian (or Lower Cretaceous) in
character.
List of Fossils from the Claxby Ii'onstone.
© Ammonites BeaBi (lower bed).
Blakei (lower bed).
X ® noricus (upper bed),
Pavlow.
X nutfleldensis.
® regalis (upper bed).
J plicompbalus.
Belemnites explanatoides
(upper bed).
® jaoulum (upper bed).
X J lateralis.
J quadratus.
® russiensis (lower bed.)
J Emarginula.
> Geol. Surrey : Geol. North Lincolnshire, pp. 108, 109 ; Gaol. East Lincoln-
shire, p. 141.
J H. Keeping, Quart. Joum. Geol. See., vol. xxxviii. p. 241.
Authority of A. Pavlow and G. W. Lamplagh, ATgiles de Speeton, 1892.
* Geol. East Lincolnshire, p. 141 ; fltudes sur les couches JuraSsiques et Crftacees
de la Bospie, I., Bull. See. Imp. Nat. Moscow, 1889.
t Geology of Lincoln, pp. 94, 95 j see also Judd, Quart. Journ. Geol. See, vol.
xxvi. p. 329.
t Fox-Strangways, Geol. N. Lincolnshire, p. 108.
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Neritopsis.
Kleopsis neocomiensis.
Plenrotomaria neocomiensis.
TrocLuB.
Turbo.
Area Raulini.
Astarte
-robusta.
Avicula macroptera.
CncuUaea gabrielis.
Oyprina.
Exogyra conica.
Bimiata.
tombeckiana.
Lima.
Lucina.
Modiola.
Myaoites.
Ostrea frons var. macroptera.
PanopaBa.
Pecten cinotus.
orbicularis.
striato-pnnctatns.
Pholadomya Martini.
Pholas.
Sphasra.
+
t
+
X
+
+
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+
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+
+
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+
+
X
X
X
+
+
X
X
+
+
Sowerbya.
Trigonia ingens.
nodosa.
Rhynchonella lineolata P
multiformis.
speetonensis.
Walkeri.
Terebratnla depressa i
cyrta.
prselonga.
sella.
Waldlieimia faba.
hippopns.
var. tealbyensis.,
Juddi.
tamarindus.
Walkeri.
Serpula antiquata.
filiformis.
gordialis.
lophoides.
plexus.
Vermicnlaria.
Nncleolites.
X Creol. Survey : Geol. North Lincolnshire, pp. 108, 109 ; Geo!. East Lincoln-
shire, p. 141.
*
J H. Keeping, Quart. Joum. Geol. Soc.,vOl. xxxviii. p. 241.
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2S6 MIDDLE AND UPPER OOLITIC ROOKS OF ENGLAND :
CHAPTER XV.
GEOLOGICAL STRUCTUKE, SCENERY, AND
AGRICULTURE.
General Structure of the Jurassic Area.
The physical features of the country occupied by the Middle
and Upper Oolitic rocks are very much modified by the irregular
overlaps of the Lower and Upper Cretaceous strata. The main
mass of these newer formations now and again entirely conceale
these Oolitic rooks or stretches across their outcrops in irregular
spurs with occasional outliers.
We have evidence that prior to these overlaps, the Jurassic rocks
were in many places folded and faulted, and orer wide areas
denuded. The evidence of great folding is shown when we-draw
sections to show the underground structure from Battle to Chatham
(Pig. 144, p. 298) or from Faringdon to Dover (Fig. 145, p. 299).
Though diagrammatic, these sections are based on deep borings
and therefore show the general structure. JEvidence of folding
and faulting prior to the overlap is «hown in the country near
Beaminster and Weymouth, and again near Shei-borne. Owing
to these disturbances it is diflBcult to depict the underground
geology beneath the Chalk Downs of Dorchester, although the
evidence obtained in making the railway at Ridgeway showed the
remarkable double system of faulting to which attention has been
directed. (See Fig. 132, p. 260.) The faults and disturbances in
this southern part of Dorset have since been worked out in detail
by Mr. Strahan, who has found evidence of pre-Cretaceous fold-
ing along the line of the Weymouth anticline, which is rucked up
from south to north.*
In the Vale of Wardour the Upper Cretaceous strata are seen
to extend across the Wealden, Purbeck, and Portland Beds on to
the Kimeridge Clay, and there is evidence of pre-Cretaceous dis-
turbance in the gentle anticline of the Chilmark ravine, rucked
up from east to west.
The general easterly or south-easterly dip of the Jurassic strata
is thus locally modified by flexures of considerable importance,
especially when we consider the underground structure in the
south-east of England. At present, liowever, w« know nothing
of the extent of the strata beneath the Cretaceous rocks of
Hampshire.
The evidence shows that during or prior to the accumulation of
the Lower Greensand, the Jurassic rocks and even the Wealden
Strata in the west of England were subjected to wide denudation
;
and that afterwards during the Upper Cretaceous period a still
* Six-inch maps of the Dorset area, geologically coloured by Mr. Strahan, are
mounted as a wall-map in the Museum of Practical Geology : See also his paper in
Quart. Journ. Geol. Soc, vol. li., p. 549.
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more extensive plain of denudation was formed. The Lower
Greensand was then partially removed, while the Gault and Upper
Greensand, and the Chalk doubtless spread across the entire
Jurassic area, and far beyond ; and in due course the slightly
tilted Oolites were further planed oflf-^so! that in the south of
England these Upper Cretaceous rocks stretch across the denuded
outcrops of all the members of the Jurassic and New Red Series
on to the borders of the Palceozoio' regions of Devonshire. The
present features have thus resulted after a series of disturbances
and great denudations.
Tn areas where the Cretaceous rocks have been removed, the
ages of the faulting and disturbance cannot be fixed, but attention
has been drawn to the subject by Prof. Judd in his remarks on
the Jurassic rooks of Northamptonshire and Rutlandshire.*
Escarpments and Outliers.'^- -
Reference has ^b^en jnade to the varying cha|facter of the
escarpments, and to. the. varying elevations attained, by difi'erent
formationa.ty In some area3 we have a succession of escarpments,
separated by . vales, as in passing westwards from Dinton to
Crewkerne, or from Swindon to Bath. In other areas several
escarpments 4:toay be locally concentrated as if were, as near
Bath and Minchinhampton, where tlie summits are formed of
Great Oolite and the vales of Lower Lias.
Of all the present escarpments there seems to be little doubt
that the.Chalk escarpment was the first formedjifoi^^althongh the
previous pkm of marine denudation was by no .means ;a strictly
level tractj yet there were no decided escarpments in the Liassic
and Oolitic rocks formed or retained previous toJthe deposition of
the Chalk.J :, The present relative nearness or distance of the
successiye spM-ps of the Jurassic rocks,' has resulted fi:x)m the way
in whicla the beds were locally tilted, and abraded in the formation
of the pre-Ci«taceous plain. >
How far- the Tertiary plains of marine denudation may have
extended, there is no evidence to say, though it seenj^ likely that
in Eocene and Pliocene times much of the Chalk was removed
by marine , action, while during the intervening Miocene period
great subaerial denudation must have taken place.
From the elevated ,.|!^gion of Lower Oolites in the country
between Daventry- and .^Naseby there flow in diverse directions
some of the chief rivers that intersect the Jurassic rocks—^the
Warwickshire Avon that runs into the Severn Valley ; the Nene,
the Welland, and -;the Great Ouse that flow into the Wash ; and
the Cherwell, one of the tributaries of the Thames. As Prof.
Judd has .pointed out, the confluence of a number of very
* Geol. Bulland, jip. 176, 177, 25S, 259. See also Hull, Quart Journ. Geol.
Soc, vol. xi. p: 480.
•f Memoir on the Lower Oolitic Books of England, p. 459 ; See also Judd, Geol.
Rutland, p. 264.
% H. B. W., Geol. East Somerset, &e. 1876, p. 201.
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considerable rivers, namely, the Witham, Welland, Nene, and Great
Ouse, which, with their tributaries, drain a very large extent of
country, has effected a breach In the great mass of Ohalk strata,
and thus the sea has been able to find admission to, and to operate
on, the soft clays of the Middle and Upper Oolites. While the
harder Chalk rocks have been cut back over a breadth of only
20- miles, at the mouth of the Wash, the soft clays over the area
known as the Fenland or Bedford level, have been overspread by
the sea for a far greater distance.*
The Ootteswold Hills may be described as a land of combes, as
testified by the names of villages. In seeking to account for
some of the dry valleys, E. Witchell pointed out that formerly
the Paller's Earth extended further westward, that the springs
then thrown off from it would have helped to excavate the valleys,
and as the Fuller's Earth was denuded, the combes became dry.f
Certain valleys may have been started in this way ; but a more
probable explanation seems to be that of denudation on frozen
surfaces, in the manner suggested by Mr. Clement. Eeld to account
for some of the dry valleys on the South Downs. There the result
has been to form the Coombe Rock, a gravelly deposit made up
of chalk and flint. In the Cotteswold area, we have the Oolitic
rubble, to which attention was previously directed.^
The main features of all our escarpments were formed prior to
the Srlacial period, as shown by the fact that Boulder Glay and
other Glacial Drifts occur both on the uplands and in the. valps in
the area from Buckinghamshire to Lincolnshire. At the same time,
as Professor Judd has pointed out, in reference to Eutland^ire
and Northamptonshire, many of the minor valleys on the plateaus
and some in the lower grounds have been formed in Post-Glaclal
times ;§ and Mr. Jukes-Browne is of opinion that the Steeping
valley in Lincolnshire is for the most part of similarly recent
age.
11
_
Various outliers have been left as monuments of the former
extent of the strata. In few cases, however, are these at a great
distance from the main mass of the formations. The exceptions
being with those Llassic outliers in Shropshire and Cumberland,
and these owe their preservation to causes unconnected with the
particular formation of the main escarpments.
The general inclination ofthe strata towards the east and south-
east, even if we estimate a dip of 1 degree or 1 in 57, would in
most cases have carried the original formations above the present
elevations of the land, and consequently the outliers that do occur
are not far removed from the escarpments. The outlier of Inferior
Oolite which gives rise to Bredon Hill has been presei-ved by
means of a fault that lowered the level of the strata.
* Judd. Geology of Eutland, p. 262.
t Proe. Cotteswold Club, vol. iv. p. 214.
j Memoir on the Lower Oolitic Boeks of England, p. 462.
§ Geol. Eutland, pp. 262, 263.
II
Geol. East Lincolnshire, p. 118.
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In the vale below the ClifF of Lincoln the absence of outliers
is noteworthy; and it is by no means improbable that somejmay
haVfe beeit removed by ice-action during the Glacial periodv To
such destruction indeed we may attribute the large masses of
Maitetone and Lincolpshire Oolite that have sometimes been found
incorporated in the Boulder Clay. (See Map.) j jj ,
Brent Knoll that lies to the south-west of the Mendip range
probably owes its origin in part to subaerial and in part to
estuarine agencies.
Knolls like Brent Knoll and Glastonbury Tor are met with in
maiiy other parts, of the south-west and west of England,- but
nowhere else are they so conspicuous, from the fact that at these
localities they are further removed from the main mass of Oolites
in the escarpment. Near Bridport many other outliers of the
Sand and Inferior Oolite are met with. Further north again
similar Knolls occur near Montacute and other places between
Ilminster and Castle Gary. Those near South Cadbury indicate
how the severance of outliers from the main mass may take place.
Subterranean drainage and erosion in the first instance may
lead to the formation of underground channels in the impervious
Lias Clays beneath the porous Midford Sands and the limestones
of the Inferior Oolite. The limestones themselves may be in
part wasted by chemical dissolution, and if channels are formed
in subjacent strata, slight subsidences must take place here and
there, and pave the way for the disconnection of portions of
the main limestones to form outliers. The subsequent more
complete isolation of the severed masses is dun to the superficial
and subterranean denudation by rain and streams. Thus in the
case of Brent Knoll, as well as in that of Glastonbury Tor (to
some extent), the influence of the estuarine waters that once
spread over the Somersetshire levels must have helped to com-
plete the denudation. The preservation of both Brent Knoll and
Glastonbury Tor, however, appears to be due to the basin-shaped
arrangement of the strata, and this, although slight, has exercised
some influence on the agents of subaerial denudation.*
It has been observed that the Kimeridge, Oxford, Lias, and
other clays present, when their surface is exposed, a " corrugated
character," and " the cutting through one of these subterranean
stanks or ridges will often lay a large tract immediately dry.
This was the case in the City of Oxford, when a system of deep
sewer-drainage was attempted, by which tho house-wells were
laid dry through a considerable district, till the stank of clay cut
through was restored by artificial^ means, when the water was
restored also."t C. Moore observed similar deep furrows at Bath
on the surface of the stiff Lias Clays where the gravels rest upon
them.J These features appear to me to be due to subterranean
erosion.
* H. B. W., Proc. Bath Nat. Hist. Club, vol. vi. p. 125.
f Eev. J. C. Clutterbuck, Journ. 'Bay. J^g;ci(x. Soc, ser. 2, vol. i. p. 277 ; Eep.
Brit. Assoc, for 1860, p. 75.
t Proc. Bath Nat. Hist, and Antiq. Field Clnb, vol. ii. p. 37.
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La/ndslvps,
Landslips have occurred here and there on the borders of the Oorallian
and Portland escarpments, but as a rule they are not of great extent, nor
so important as those that have affected the Lias and Lower Oolites.
At Hermitage, in the "Vale of Blaokmore, a landslip of Oorallian rocks
over Oxford Clay oocarred in 1585. Near Claxby, west of Normanby-on-
the-Wolds, in Lincolnshire, landslips have taken place, owing to the
superincumbent strata slipping over the Kimeridge Clay.
On Portland isle many landslips have occurred from time to time, and
there the natural fissures in the Portland Stone have facilitated the
breaking away of great masses of strata over the slippery foundation of
Kimeridge Clay.*
Over the same Clay considerable founders have taken place of Portland
Beds at St. Alban's Head, and of Cretaceous rocks at White Nore.
Coast Scenery.
So far as the coast scenery is concernedj the features of the
Jurassic rocks are much modified by the coverings of Cretaceous
strata, excepting as regards the lower beds of Lias in Glamorgan-
shire, and those of Watchet on the Somerset coast, where we can
well study the formation on a small scale of a plain of marine
denudation.
East of Burton Bradstock the coast onwards to Portland Bill
is protected by the great Ohesil Beach.f
Along the coast east of Ringstead Bay the sea has worn back
the hard Portland rocks that formerly stood out in cliffs like those
of Gad Cliff and St. Alban's Head. It has breached the narrow
fringe of these rocks and hollowed out the bays of Lulworth Cove
and Worbarrow in the soft Purbeck and Wealden strata. At
Stair Hole it has made its entry through enlarged fissures, which
have been widened into arches, and produced a sea-loch not unlike
the " Buller of Buchan " figured by Sir Archibald Geikie.f
Kimeridge Bay has been formed by the enlargement of an inlet
eroded originally by streams. An anticlinal arrangement of the
beds is here apparent, and this structure may have influenced the
agents of subaerial denudation, to which the lateral valleys were
due. The cliffs that slope inland were no doubt protected T)y
cappings of Portland Beds, now removed by the encroachment of
the sea. The base of the cliffs is strengthened by layers of cement-
stones which form the well-known Kimeridge ledges ; in fact, the
irregularities along the coast-line of the Kimeridge Clay are due to
ledges formed by these cement-stones, which serve to arrest
marine denudation.
Scenery of the Middle and Upper Oolites.
The country occupied by the Middle and Upper Oolites con-
sists in great part of low lands. In the south-west of England as
* Conybeare and Dawson, Memoir on Landslips; Fitton, Trans. Gebl. See,
ser. 2, vol. iv. p. 218 ; and O. Fisher, Greologist, vol. vi. p. 250.
t See BepoTts on Coast Erosion, Rep. Brit. Assoc, for 1885, pp. 422-427, and
1888, p. 900.
X Clnss-Book of Geology, 1891, p. *1.
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far as Oxford, the rooks extend in two vales separated by the low
escarpment of the Oorallian Rocks—the continuity being obscured
only by the Cretaceous rocks of the Dorsetshire and Wiltshire
Downs.
In the Oxford Clay, in addition to the minor vales near
Weymouth, we have Vale of Blackmore in Dorset, the valley o£
the Upper Thames, Otmoor above Oxford, and the Yale of
Bicester.
The CoralHan escarpment is shown between Weymouth and
Abbotsbury on either side of the Weymouth anticline. North-
wards it is fairly well-marked thi'oughout its course, though
interrupted near Penzlewood and again near Devizes and Calne.
It never attains any very great elevation, perhaps the outlier of
Wytham Hill, 583 feet, is the highest point on the Corallian rocks,
south of Yorkshire.
The Kimeridge Clay is well shown in the Vale of Kimeridge
and in portions of the area between Osmington and Abbotsbury.
Northwards it forms the Vale of Shaftesbury extending partly
into the Vale of Wardour ; and further on in conjunction
with the Gault forms the vales north of Westbury in Wiltshrre,
and near Swindon, the Vale of White Horse* that lies between
Faringdon, Abingdon, and Wantage, and part of the Vale of
Aylesbury. Many of these vales, like those in the Lias of the
midland counties, form well-known fox-hunting districts.
Further north the Oxford Clay and Kimeridge Clay are parted
chiefly by clays of Corallian age, covered in places with accu-
mulations of Drift. So that we have a wide tract of low land
extending from Winslow and Stewkley through Bedfordshire and
Cambridgeshire to the Fenland.
Northwards from Bourn through great part of Lincolnshire by
Horncastle and Markst Kasen, beneath the Lincolnshire Wolds
and the more diversified tracts of Spiisby Sandstone, there extends
a vale formed of the same series of clay formations.
Over parts of the area extensive tracts of woodland formerly
existed. Thus Gillingham Forest, which included the White Hart
Forest of the Vale of Blackmore, extended in Leland's time as far
south as Yeovil, and northwards joined the Forest of Selwood,
which extended from near Wincanton over the Greensand heights
of Penzlewood (Pen rielwood), and along the vale to Frome.
In North Wilts there was the Forest of Bradon or Braydon,
known also as Orwaldes Wood, which was disafforested in the
reign of Charles I., and which extended over the vale from near
Melksham and Chippenham to Malmesbury, Purton, Minety,
Cricklade, and Wootton Bassett. Bernw ode, or Brentwood, near
Brill, Whaddon Chase north-east of Winslow, and St. Ives
Heath,t were other noteworthy tracts of woodland.
The Portland Beds form a pleasant escarpment around the
vale of Kimeridge Clay in the Isle of Purbeck. Encombe,
* From the White Horee cat iu the Chalk south of Uffiugton.
t J. K. Watts, Rep. Brit. Assoc, for 1853, p. 63.
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known as the Golden Bowl, owes its siiape to subaerial denudation
effected ifi parj by landslips, which have given an amphitheatre-
like form.* It is remarkable, however, that but little detritus of
Portland Beds occurs over the area, except along the deeper
ravines, as in Eehscombe., The Portland Beds form steep slopes
bordering the vales of Kimeridge Clay as near Portisham, and
again in the Vale of Wardour.
Superficial Accumulations and Drift.
No superficial accumulations of any extent are found over the
Middle and Upper Oolites in the country to the south-west of
Aylesbury and Buckingham.
Occasional valley-drifts are found as at Eadipole, near Wey-
mouth, whence the Mammoth has been obtained. Gravels
formed largely of limestone debris are met with here and, there
in the vales of Dorsetshire ; in the Avon Valley near Trowbridge,
near Melksham, and again in the country from Chippenham north-
eastwards, by Tytherton. Christian Malford, Dauntsey, and
Sonierford, and more particularly in the, Upper Thames Valley,
near Crickladej and Lecblade.
To the north-east of Aylesbury and Bicester the country is
largely covered with Boulder Clay and Glacial gravels.
The clay-country includes much„ permanent pasture , and
meadow land, although the value for dairy and grazing-purposes
varies considerably in different areas. Corn and beans are
cultivated in places ; and as a rule the land is divided by good
hedgerows. Some oF the richest grazing and dairy lands in the
vales are those areas where, as in North Wiltshire, the Oxford
Clay is covered with grayel, or the Kimeridge Clay is lightened
by the downwash of material from the Greensand ; while the
Vale of Aylesbury, said to be the richest meadow and pasture-
land In England, and dividing its honours between the Gault and
Kimeridge Clay, yet owes much to material derived from the
waste of Upper Greensand and Portland Beds, as well as to
coverings of rich vegetable mould and scattered accumulatjons of
Drift.
The North-Wiltshire cheese is made on the dairy-lands chiefly
of Kimeridge but also of Oxford -Clay. Near Cambridge the
Cottenham cheese is a product of the clay-land pastures. Stilton
cheese, most largely made in Leicestershire, took its name from
Stilton, on the Oxford Clay, in Huntingdonshire—cheeses being
formerly sold to passengers who travelled that way by coach.
Soils.
Oxford Clay.
The area occupied by Oxford Clay is, much of it, gently undu-
lating ground ; and here and there we find a low escarpment, above
* See Buckland and De la Beche, Trans. Geol. Soc, ser. 2, vol. iv. p. 34.
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the OornbraBh, where the sandy strata of the Kellaways Beds are
developed. A good deal of the ground, however, is very low-
lying and almost Alluvial in aspect ; the soil is a stiff and heavy
clay,* and the slopes are damp and rushy in places. The clay-
flats near Oxford, including the district of Otmoor, are often
much flooded in the autumn and winter. The hedgerows, as a
rule, are well-timbered, with oak and elm, ash, willow, and poplar;
The soil in general is considered expensive to cultivate ; it is
improved by lime-manure, and much draining is required. In
dry weather the cracks and fissures formed in the ground extend to
some depth, as I noticed near Witham Friary in 1885.t
The country is thinly populated, and there are many green
lanes in Dorsetshire and Wiltshire.
Through Buckinghamshire, Bedfordshire, Huntingdonshire, and
further north, the Oxford Clay is largely covered with Boulder
Clay, &c., so that the soils are not so largely influenced by it, and
there is more land under the plough. The features are thus
partly due to the Drift, as at Alconbury and Kimbolton Hills.
Numerous spinneys or thorn woods occur in this region of
Huntingdonshire.
Prof. Judd remarks that the Oxfordian strata constitute a band
of country, in the western part of the Fenland, which rises into
numerous swelling hills, usually of no great elevation. The land
is in the main devoted to grazing purposes, but some considerable
areas of it have been brought under the plough, while others
remain as woodland. The clay in plaxses is dug out in trenches for
the purpose of getting material to clay the land. He further states
that the rapidity with which the surface-water soaks away over
the areas throughout which the sandy Kellaways Beds outcrop,
causes their soil to present a remarkable contrast with that of the
districts occupied by the stiff and impervious portions of the
Oxford Clay. The light-coloured sandy soils thus formed,: con-
stitute what is locally known as " drummy land," and can easily
be traced, over many miles of country, near the limits of the
Oxford Clay and Oornbrash formations.J
In Lincolnshire the Oxford Clay forms a stiff and cold soil, but
this varies from the mild friable loam, characteristic of the
Kellaways Beds, to very tenacious -clay. Much of the land is
under grass, but beans, wheat, oats, and clover are cultivated in
places.
Corallian Beds,
The Corallian Beds yield a very variable soil, though for the
most part light and brashy. Much of it is a rich, friable, saiidy
loam, generally brown, but sometimes of red colour. The grotind
is mostly under cultivation for corn and roots, and to some extent
* For analyses of soUs on Oxford Clay in Wiltshire,*see Dr. A. Voeloker, Journ.
E. Agric. Soc, ser. 2, vol. ii. pp. 382, 383, 386.
t Memoir on the Lias of England and Wales, p. 319.
X Jndd, Geol. Rutland, pp. 237, &o.
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as meadow- land, but there are occasional rabbit-warrens on the
sandy areas of the Lower Calcareous Grit.
In the Weymouth district, where there are few trees, except in
sheltered hollows near the farmsteads, the land has a bare Aspect,
and the fields are divided by stone-walls and hedgerows.
Near Abbotsbury the ironstone-beds yield a bright red ferru-
ginous soil, on which potatoes are much cultivated.
Kimeridge Clay.
The soil is as a rule heavy, requiring to be well-drained. Like
that on the Oxford Clay, it is improved in places by lime-
manure. Much of it is, however, rich, and in places phosphatic,
while it is improved by downwashes from the escarpments formed
by overlying strata.
The land is comparatively flat or gently undulating, and the
greater part is pasture and meadow. Extensive dairy-farms occur
near Seend, Potterne, and Westbury ; and in this neighbourhood
the by-roads consist chiefly of green lanes (known as bridle ways
in Wiltshire and halter paths in Dorsetshire), very muddy, and
almost impassable in wet weather. This clay in Wiltshire is con-
sidered a warm clay as compared with the Oxford Clay, so that
the land, as a rule, is of more value.
Near the junction with the Portland Sands, or with the Lower
or Upper Greensand where they rest immediately on the
Kimeridge Clay, or again where thin gravelly patches occur, the
soil is often more or less loamy, and there are occasional gorse-
covered tracts, and commons. Wheat, beans, and potatoes are
grown in places. West of Kimeridge Bay there is a small rabbit-
warren in the dry shaly surface-soil on the top of the cliff.
Good hedgerows are generally found, and from the prevalence
of the oak, the term " Oak Tree Clay " was applied to the
Kimeridge Clay by William Smith in 1816, though in those old
days it was not strictly confined to the formation.
The village of Kimeridge lies near the junction of the Kimeridge
Clay and Portland Beds, and the rich pastures on the former
tract contrast pleasantly with the scanty herbage on the latter.
Further east, Encombe Valley, known as the " Golden Bowl," is
marked by wooded and grassy slopes, which, like the Wealden
tract further north, form a relief to the bleak Purbeck hills.
In the vale below Shaftesbury, in that near Westbury in
Wiltshire, in the Vale of White Horse, and onwards by Nuneham
Courtney to near Thame and the Vale of Aylesbury,* we have
broad tracts of Kimeridge Clay, where the stiff soil is ameliorated
in places by down washes from the Portland Sands, the Lower or
Upper Greensand. Further on the Clay is concealed in places by
patches of Boulder Clay, so that in its course through Cambridge-
shire and Lincolnshire^the character of the land is much modified
* An analysis of soil from Futlowes (? Putlers) norlli-west of Aylesbury, was
given by C. S. Bead, Journ. R. Agric. Soc, vol. xvi. p. 281,
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by Glacial Drift. In Lincolnshire there are tracts of Drift sand
of a comparatively sterile character ; and there in former times
the Kimeridge Clay was dug to spread over lands that needed
clayey material.*
Portland Beds,
The Portland Beds o£ Dorsetshire form high-rounded and grass-
covered hills with here and there bare rocks jutting out. The
slopes are steep and the ground is not often cultivated, though
supporting a herbage suitable for sheep-pastures. The steep
slopes of Portland Sand are marked by slipped ground and sheep-
terraces.
The land is divided mostly by stone fences. These remarks
apply to the escarpment from Portisham to Upway, to the marked
spur of Swyre Head formed of cherty Portland Beds (667 feet
high)j and to the combes of the Isle of Purbeck, at Ilenscombe
aiid West Hill. The elder and the teazel grow abundantly on the
debris that covers the slopes of Kimeridge Clay.
On both Portland and Purbeck Beds near St. Alban's Head
and Worth, there are many old terraces of cultivation, known as
lynchets.f
In the Vale of Wardour the ground is mostly under cultivation,
roots and corn being grown ; but there are few trees, so that the
country occupied by the Portland Rocks looks bare, except along
the wooded escarpment near Pyt House on the north, and near
Wardour Castle on the south side of the vale.
In Buckinghamshire the Portland Beds give rise to a dry sandy
and fertile loam, that forms useful arable land.
Purbeck Beds.
Portland Isle, which is covered almost entirely by Purbeck
Beds, is a bleak and dreary tract owing to the absence of trees
—
there being a few only near Pennsylvania Castle and at Fortune's
"Well. The ground is cultivated in long and narrow strips in
places, known as " Lawns," where corn, grass, and potatoes are
grown. Near the higher lighthouse I counted 35 such strips
within a space of 530 yards. Over great part of the Island there
is good pasture for sheep.
In the Isle of Purbeck the soil is a brown and somewhat brashy
clay, a foot to 18 inches deep. Much of it is heavy and requires
draining, being in this respect like that of the Forest Marble.
Crops of corn, beans, potatoes and peas are grown ; but much
of the land is in pasture, partly owing to the broken nature of the
ground, where the hollows remain from old workings for stone.
Thus the Lower Purbeck Beds form a tract that is more cultivated
* Strahan, Geol. Lincoln, p. 80.
t See also ¥. Seebohm, The English Village Community, 1883, p. 5j and H.B.W.
Memoir on the Lias of England and Wales, p. 313. ' ''
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than that of the higher beds. Near the edge of the cliffs, where
the land is naturally drained, the gorse grows, and near Durlston
Head there are fir plantations', but over great part of this Purbeck
area there are few trees excepting near the habitations. The
fields are sometimes divided by hedgerows, but more often by
stone walls.
In the Vales of Wardour the Purbeck Beds are mostly under
cultivation. On Lady Down the ground rises high above the
Portland Beds, dipping thence generally towards the east.
In the Sussex area, as remarked by Mr. Topley, the soil formed
by the Purbeck Beds " is mostly stiff, as clays and shales pre-
dominate in their composition ; a great part is woodland, only a
small proportion being under the plough."* Hops are cultivated
in places.
In Lincolnshire the Spilsby Sandstone " everywhere forms a
tract of light sandy soil between the heavy clays [Kimeridge and
Tealby] below and above."t Much of the area is under cultiva-
tion, but there is a pleasing mixture of arable land and woodland.
* Geology of the Weald, p. 33.
t Jukes-Browne, Geol. East LincoInsluTe, p. 16.
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CHAPTEE XVI.
ECONOMIC PRODUCTS.
Building Stones.
General remarks on the Building Stones of the Oolitic Series
have been made in a previous volume.* In the Middle and Upper
Oolites, freestones are obtained from the Corallian Beds, the
Portland Beds, and occasionally from the Purbeck Beds. These
include limestones more or less oolitic, and calcareous sandstones.
Corallian Rocks.
Among the Corallian freestones those of Calne, and of MarnhuU
and Todbere near Sturminster Newton, are the principal.
The Osmington oolite near Weymouth, the Goatacre freestone,
north of Hillmarton, and other beds have locally been quarried,
but never to any large extent.
The Marnhull stone was used in the churches of Gillingharo,
Hinton St. Mary, Sutton Waldron, &c. About 10 feet of
freestone is worked, and blocks up to 20 cubic feet have been
obtained. (See p. 103.)
The HeadingtoQ Stone (« Sliotover Limestone ") east of
Oxford, though it has been employed as a freestone, is for
the most part exceedingly poor, many of the buildings in Oxford
where it was used, having come to a deplorable state of decay.
The upper beds of impure comminuted shell-limestone were those
so much used ; but all the beds are very variable and shelly,
false-bedded shelly limestone passes laterally into rubbly coral-
rock ; and there are layers of shelly sand and hard lenticular bands
of grey oolitic limestone. In the village of Headington Quarry
most of the better stone has been removed, but here and there old
quarries have been re-opened. A layer of the " best stone " (of
its kind) occurs near the base of the limestones, about 5 feet above
the top of the Sands of the Lovrer Calcareous Grit.
According to Plot, stone from the Wheatley quarries was used
for some of the older buildings in Oxford ;t it is a variable stone,
but on the whole more durable than that of Headington.
Of other building-stones there are certain hard sandstones,
shelly limestones, &c., which, althcrugh not freestones, have been
found serviceable for building-purposes.
In the Lower Calcareous Grit the layers of hard calcareons sandstone
furnish bniiding-bloeks that are quarried in many parts of Wiltshire.
At "Westbury, in Wiltshire, the slag from the iron-furnaoes is prepared
with cement to form building-blooks, which have been used in some
* Memoir on the Lower Oolitic Bocks of England, p. 470.
t Plot, Nat. Hist. Oxfordshire, 1677, p. 76.
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railway-bridges near Beading. A kind of paving-material is also made
from the slag.
North-west of Highworth an oolitic and pisolitio rook belonging to the
Upper Oorallian Beds has been employed for building-pnrposes.
Portland Beds.
The merchantable stone of Portland comprises the Whit Bed
and the Best Bed, the latter, notwithstanding its name, being of
inferior quality, the name it is believe<l being a corruption of
Base Bed. It has, however, been remarked by 0. H. Smith that,
" Formerly, when none but east cliff quarries were worked, the
lowest bed was considered the best stone [the Whit Bed there
being coarse and shelly], hence the name amongst the quarrymen
of 'best bed ;' but in the north, north-east, and west cliff
quarries, the top bed, though not always the finest grained, is
certainly the best stone for standing the weather."* Both beds
thus vary sometimes even in the same quarry, as might be
expected, and both are somewhat harder where the stone is
unprotected by coverings' of Purbeck Beds, as near the Bill and
around the cliffs generallj-.
Towards Portland Bill, and at the Bill, the Whit Bed, becomes
very flinty, and partly on that account it is not now worked there.
In that neighbourhood the Curf or Middle Bed has yielded some
good stone.
Both Whit and Best Beds are iised for Scantlings, Landings, Sills,
Steps, Cornices, Piers, Columns, &o., and also for paving and for monu-
mental purposes. The Best Bed is considered as a rule the more suitable
for fine carving, and for inside work generally ; the Whit Bed being as a
rule harder and more durable as a weather-stone.
Blocks weighing 10 or even 15 tons are obtained, about 16 cubic feet of
the stone weighing one ton; much larger blocks are often detached during
the working of the quarries.
The refuse of the stone-beds is burnt for lime in a kiln on the top of the
hill above Fortunes Well.
The top Roach, of which blocks weighing 20 tons have been procured,
is employed, when wanted, for sea-walls, harbours, and docks, but is
otherwise rejected among the waste-stone or " ridding." It stands great
pressure, and is not affected by frost. It is considered to be much more
durable than other beds of Roach, that occur at lower horizons, and
consequently they are always rejected.
The thickness of the Building-stone series is from 20 to 28
feet ; and is on the whole ratlier thicker towards the west than at
the eastern side of the island.
The Portland Stone was not much known beyond the neigh-
bourhood of P-ortland before the beginning of the seventeenth
century.
Among the old quarries were those known as the Weycroft quarries,
where the stone was shipped from the King's Pier below. They were
situated a little north or north-west of the Admiralty quarry, while the
Grove quarries (Eedcroft) were situated a little north-west of the Convict
Prison. Important quarries are now worked at Weston, Kingbarrow, and
near the Prison.
* Lithology, Journ. B. Inst. Brit. Architects, 1840, p. 158 ; and W. Gray, Proc.
Geol. Assoc, vol. i. p. 142.
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The Kingbarrow quarries lie to the west of the Weycroft quarries, near
Teales, and the Maggot quarry was a little farther south. Other quarries
were known as the Trade, Verii Street, Castles, and Goslings quarries.*
During the construction of St. Paul's Cathedral (1675-1717) Sir Christopher
Wren had control of the Portland quarries, the stone was carefully
selected and seasoned, and some blocks said to have' been quarried at the
time are still lying about.f
Prof. T. R. Jones has remarked in reference to buildings
constructed of Portland Stone in London, that sulphate of lime
is sometimes formed by sulphuric acid derived from the London
atmosphere ; and he points out that the black portions are due not
merely to smoke, but probably also to a black Protococcus. " The
degradation of this limestone by rain and carbonic acid, however,
is considerable, for the cement stands up in edges, an inch high,
on the parapet of Somerset House, and the component fragments
of oyster shells almost as high."J
On the whole, however, it is considered that Portland Stone is
less affected by the London atmosphere than olher Oolitic lime-
stones. St. Paul's has stood well, but, as already remarked, great
care was used in the selection of the stone, and many blocks were
subject to long seasoning before being employed. The chief
symptoms of decay are said to be in those parts of the edifice
that are most exposed to the south-west winds and rains.
The Portland Stone was used in the construction of the Monument on
Tower Hill (1671-7), the Custom House (1815), General Post Oflace (1829),
Somerset House (1776-92), British Museum at Bloomsbury (1753),
St. Pancras Church (1819-22), &o.§ It was also used for the Horseguaxds,
the India House and Foreign Offices in Downing Street, the Post Office
Savings Bank, the Reform Club, the National Liberal Club, the National
Provincial Bank in Piccadilly (1898), the new Eecord OfiSce in Chancery
Lane (1895), &c.
On Portland itself, the stone was locally used for the old Bow and
Arrow Castle, and, on the mainland, for the later Castle of Sandsfoot.
The " Purbeck-Portland stone " is said to excel the true Portland
stone in the qualities of closeness, slight absorption, hardness, and
durability, characters which improve in an easterly direction from
St. Alban's Head, so that the old quarries of Tilly Whim yielded
the most durable stone. However, the stone there is so much
harder that it ip thought on this account the old quarries were
disused.
With few exceptions all the quarries of the Purbeok-Portland area are
in the face of the sea-cliffs, ' ' the first portion being cut down perpen-
dicularly from the crest, which when effected at once by blasting is
termed ridding, so as to form a platform level with the base of the
merchantable stone, which in most of them is afterwards extracted by
driving galleries into the rock, forming deep caverns, and leaving pillars
for the support of the Buperincum.bent mass. From the position of the
quarries the produce can only be shipped in very calm weather, so that
the greater part of the year they are unapproachable." ||
* Report on the Selection of Stone for the New Houses of Parliament, 1839,
p. 4.
t Memoir of Sir Christopher Wren, by L. Phillimore, 18S3, p. 221.
J Proc. Geol. Assoc, vol. vl. p. 2.50. bee also Memoir ou the Lower Oolitic
Rocks of England, p. 474.
§ Builder, September 18, IS.'iS.
Jl
P. Brannon, Guide to Swanage, 1872, p. 30.
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The BtoBe from Tilly Whim was used in the construction of Oorfe
Castle ; elsewhere the stone obtained from near St. Alban's Head, at
Seacombe, Winspit, &c., and known as " Oliff Stone," is employed for
building-purposes, for sinks, troughs, steps, landings, curb-stones, columns,
rollers, &o.
At Seacombe the stone is mostly obtained by tunnelling. Where
excavated it has a pale bluish-grey appearance, but when cnt, dressed,
and dried it has a yellow appearance, The stone varies, some beds being
too shelly to be of service as freestone.
At the Winspit Quarry the Under Freestone, on top of the chert-beds, is
about 6 feet thick. It is used for sinks, curb-stones, &c., and is sent tO'
the Isle of Wight, Southampton, Portsmouth, Brighton, &c. The top or
Pond Freestone is considered the best vbed ; this is 7 feet thick. The
House Cap above the Under Freestone, is a coarse-grained limestone,,
used for breakwaters," &c., and the " Blue Stone " above the Top or Pond
Freestone is a hard, durable stone, used for gate-posts, &c.
Inland the Portland Freestone has been quarried at London
Doors and other places on the Eldon estate, but not westwards
towards Kimeridge. This may partly ai-ise from the fact that at
London Doors the beds are much shattered, and they are much
weathered where exposed at the surface.
• In the Vale of Wardour the Portland Beds, known as Wardour
(Stone or Tisbury Stone, are extensively quarried and mined
for building-stone near Tisbury, at Chilmark, Ohicksgrove, and
Wockley; and formerly there were old quarries at Lower Lawn
to the north of Tisbury.
The lower beds of the Portland Stone are those chiefly worked
as freestone—they consist generally of greenish sandy limestones
or calcareous sandstones, which become paler when dry. They are
used not only for building-purposes, but for troughs, tombstones,
&c. The most extensive quarries with galleries, are those in the
Ohilmark ravine, where beds of variable character are present,
passing from sandy and glauconitic limestones into calcareous
sandstone. Mr. Hudleston notices how full of quartz grains these
beds are, but they appear to be cemented to a certain extent by
opaline silica.*
The principal beds are, the Trough Bed, a sandy limestone about 2 ft,
thick, considered the best weather-bed, and used for building-stone, steps
,
paviours, &o. ; the Green Bed, a sandy and glauconitic limestone some-
times shelly, and about 5 feet thick ; the Finney -Bed, a sandy and
glauconitic limestone, a good weather stone, about 2 feet thick ; and the
Fretting Bed, a very sandy and partially calcareous rock, a little over
3 feet thick ; the thicknesses above given being those of the merchantable
stone.
The Portland Stone- of the Vale of Wardour was employed in the
Cathedrals of Salisbury, Rochester, and Chichester, in Wardour Castle,
Longford Castle, Fonthill Abbey, Wilton Abbey, Komsey Abbey, West-
minster Abbey (Chapter House), Christchurch Priory, Balliol College at
Oxford, &C.
An upper and oolitic freestone has been obtained by means of
galleries at Chilmark ; it was employed in the west front of
Salisbury Cathedral, and has lately been again worked.
* Proo. Geol, Assoc, vol. vii. p, 171.
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The following statistics show the density and absorbent powers
of some of the Portland and Purbeck rocks :
—
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vrith pits, some deserted, many now worked (upwards of 90),
and most of them marked by heaps of refuse, or " ridding,"
called " Scar-heaps," some of which are 20 feet high.
The stone is really mined, being worked underground, because
the layers of merchantable stone are thin in comparison with the
worthless strata associated with. tbem. Moreover, the beds dip
at a considerable angle, and are therefore not exposed near the
surface over a very large area ; they are worked along the dip,
and the pits are from 40 to 60 feet deep, or even deeper.
Sloping shafts, about 5 feet square, are made, so that the stone can be
dragged up in trucks by means of a capstan and chain, with the aid
sometimes of a donkey. The stone is extracted by means of crowbars and
wedges. The shafts are paved with stone for the trucks, and rude steps
are cut alongside for the use of the workmen. As the stone is worked
away the galleries are supported sometimes by timber, but more usually
by blocks of useless rock. The stone is dressed at the surface, and then
sent to merchants at Swanage, where the blocks or " bankers " are
piled ready to be shipped or to be sent away by rail..
The quarries are distinct, and generally owned by the workers, and
their area is marked out on the surface by stone-walls. Many curious
customs still prevail in connexion with the labour, and it has been
suggested that the quarrymen may be descendants of a colony of Norman
stone-workers.* They form a distinct class of people, owing to their
curious customs and intermarriages. The men constitute the Company
of Marblers and Stone-cutters of the Isle of Purbeck, and maintain the
privilege of confining the stone-trade to themselves and sons, rigouronsly
excluding strangers.
The Purbeck Stone is shaped into curb-stone of various widths, gutter-
stones, square slabs for paving, for steps, gate-posts, window-sills, and
landings, sinks, horse-troughs, and granary rick-leg and cap stones, &o.
Tha walls are often built with gently undulating layers of stone, or
layers inclined now in one direction now in another, with occasicmal hori-
zontal layers, larger irregular slabs are piled on the top, either vertically
or in a sloping direction.
The stone is much used in the south-east of England, being sent to
Brighton, Portsmouth, Winchester, Salisbury, &c. Formerly thS" stone
was largely used for paving in London, and Hutchins states that during
the years 1764-1771, about 14,000 tons of stone were annually obtained.
At the present day the output is from 15 to 20 thousand tons.f
In the beginning of this century much stone was obtained from the
clifis in Durlston Bay. Webster remarked that the mode of quarrying
the Purbeck Stone "is by making excavations and inserting slight
props ; in the course of time, these props giving way, a part of the cliff
falls down, and the fragments are worked by the masons into the forms
proper for several purposes."
J
Formerly much stone was quarried on the hills above the Lighthouse
near Durlston Head, as indicated by the heaps of rubbish, and there are
shallow pits further north where portions of the stone-beds are repeated
by a fault.
The Purbeck Stone Beds of marketable value, excepting the
Marble beds, occur beneath the Corbula Beds, in the Middle
Purbeck division. They were noted in detail by Thomas
A good account of the Quarries is given by Mr. C. E. Robinson, in " A Royal
Warren or Picturesque Rambles iu the Isle of Purbeck," 4to, Etching Co. 18R2.
t Report on the Dorsetshire Purbeck Stone for 1880 by C. Le Neve Foster and
R. J. Frecheville.
J Englefield, Isle of Wight, p. xviii ; Trans. Geol. Soc, ser. 2, vol. ii. p. 37.
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Webster,* and later en by H. W. Bristow.f Their records
differ in detail and in the grouping of the " veins," but the
principal bands of stone are given in the same sequence. They
may be stated as follows :
—
Freestone
Vein,
Downs
Vein.
White Eoacli
Laning, Lane-ond or Leaning Vein
Royal "...
Eed Eag - -
Eag ....
Under Eag
'Top Shingle
Shingle
Under Picking
Lower Shingle
Grab
i Eoaoh . - -
Pink Bed
Grey Bed ...
Thornbaok • - -
Freestone Bed
^Blue Bed
"Lias ....
Lias Eag ...
Laper - . . .
Under Picking
I
Upper Tombstone Bed
1 Brassy Bed ...
LLower Tombstone Bed -
Below the Cinder Bed the following beds occur
Button
Feather
Under Feather
Cap
Sly Bed (Waste)
["Upper 5.foot Bed
J Under 5-foot Bed
I
Tombstone Bed
L Shear Bed
Ft. In.
4 6
5
5
2
1
i
6
2
6
16
- ^ (including
shales.)
13
» (including
shales.)
Fi. In.
6 3
(including
shales).
New Vein
1
4
Different beds are worked in the many quarries. As an
example a section may be given of Mr. Squib's quarry, Swanage,
which I visited in 1884. It was situated on the eastern part of"
the hill, and the following beds were worked :
—
Ft.
rGrub - . . . -
i Eoach . . . - - 1
L Thick (or Pink) Bed . - -
JGreyBedi - ...
iThornback ... -0
In.
5
6
Used for road,
metal and
paving.
Used for curbs
and steps.
UiSed for curbs
and paving.
Used for curbs, "|
steps, and I- Freestone
baildiug. J
The rubbish here was used for lime-burning, road-metal, and for ballast
on the railway. Very little roofing-material was obtained.
* Trans. Geol. Soc, ser. 2, vol. ii. p. 38.
t Vertical Sections, Geol. Survey, Sheet 22.
10
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It has been remarked that "all the useful beds are broken up, by-
natural partings, into blocks atid slabs of various sizes, generally irregiilar
rectangles, varying in size from ten to twelve feet long by five to eight
feet wide, down to eight or fifteen inches long by six or ten inches wide,
and three to eight inches thick. The latter class are termed pitchers, the
term ' horse pitchers ' being applied to the larger sizes."*
The Laning vein is used for tombstones, paving, walling, and marine
works.
The Freestone veins yield curb,' step, and tile-stone, and freestone used
for all kinds of arohitectual work ; but none of the beds can be considered
as durable as the better kinds of Portland freestone.
The Downs veins yield good paving-stone and tombstones.
The Feauher bed, a hard bluish- grey shelly limestone, is considered the
best stone for curbs and paving : associated beds are used for walls and
marine works.
The New veins supply slabs and blocks for steps, tombstones, &c.
The beds at the base of the Upper Purbeck of Swanage, known as the
Soft Burr, rough decomposed shell-limestones, are not now much worked,
for the stone can only be obtained in small sizes. It is, however, con-
sidered a durable stone, and was employed in the construction of Corfe
Castle, in the old tower of Swanage Church, and in the restoration of
Wimborne Minster.
A quarry north of Langton Maltravers showed blue and grey shelly
limestones (mostly blue hearted) and arenaceous limestone with shells and
comminuted shells, chiefly bivalves, dissolved away. This latter rock is the
" Soft Burr." A slight anticlinal was shown in the pit—the beds dipping
to the north-east and to the west.
At TJpway, nea'r Weymouth, the Lower Purbeck Beds are quarried for
building-stone, as previously mentioned (p. 259). The spire of All Saints'
Church, Dorchester, was built of the " Oypris freestone."
In the Purbeck Beds of Portland the Cap beds are too hard and uncertain
in fracture to be of use, for they cannot be " squared." They are blasted
in the quarries. The Soft Burr is sometimes used for local building-
piarposes, and it is laid according to the bedding, though it is but a
rough stone. . It is employed for coigns of chimneys as it stands fire.
The Bacon Tier is occasionally used for walling in Portland. The Hard
Slatt is sometimes employed for paving, as at the Brewery at Wyke, but
it is usually too hard to square ; it is used also for walling.
Purbeck Marble,
In his " Picturesque Rambles in the Isle of Purbeck," Mr. 0, E.
Robinson gives an interesting sketch of the history of the workings
of Purbeck Marble or " Marble Rag." In early times it was 6ne
of the best marbles readily obtainable in England, and conse-
quently it was much used in our principal Abbeys, Cathedrals,
and Churches. The numerous columns, the fonts, and the tombs,
were often chiefly formed of Purbeck Marble. The stone for the
pillars in the interior of Salisbury Cathedral was obtained at
Langton. In those early days the district was in a flourishing
state, for Afflington (or Affington)
—
9. name perpetuated in some
farm-buildings near Kingston—was a market-town in the time of
Hem-y III.
About the beginning of the sixteenth century the introduction
of foreign marbles worked a change in the industry, and in course
of tirce the quarries for marble were abandoned. Webster observed
* P. BiauuoD, Guide to Swanagie, 1872, p. 28.
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In 1811 that it "is now out of use, and the quan-Ies are filled up,
and scarcely known."*
Of late years occasional demands have arisen for the stone in
the restoration o£ churches, and a considerable amount was
required for the new church at Kingston designed by Street and
built for Lord Eldon.f Here many columns and supports both
inside and outside were made of greenish Purbeck Marble. Sonie
of the columns were 7 feet in length.
Good specimens of Purbeck Marble may readily be procured
near Peverel Point, and it is occasionally quarried inland, as at
Easton, near Langton Maltravers, at West Orchard, and Woody
Hyde, south of Gorfe Castle.
The solid rock is grey, being coloured by carbonate of iron,
and this is often rusted on the outside. The interiors of the
I^aludina-shells, which form the mass of the rock, are often filled
with green matter, like that which tinges the Unio-heda, {See
p. 253.)
South-east of Woody Hyde the Marble, chiefly of a grey ooloiir, has been
obtained by mining in a pit situated in a small plantation.! Slabs were
lying about of the followiag dimensions, 6 ft. X 16 in. X 2 ft. ; 6 ft. 7 in. X
1 ft. 11 in. X 1 ft. 5 in. ; and 2 ft. 3 in. X 3ft. 6 in. X 1 ft. 5 in. The
thickness of the principal bed varies from 1 ft. 4 in. to 1 ft. 5 in.
South-west of West Orchard there were (in 1884) two small quarries
opened in the Upper Purbeck beds, from which marble had been obtained.
The beds dip N. 5° W. at an angle of 18° to 20°. The marble here occurs
at the, top of the pit, and is stripped off: the underlying beds compriaiag
bluish-grey mottled sandy limestone with Paludina (2 inches), and a thin
flaggy and sandy limestone (1 in. or more). Slabs of marble 4 ft. X 2 ft.
X 11 in. ; 3 or 4 ft. X 1^ ft. and 3 to 4iu. thick; and 2 ft. X 2 ft. X 8 in.
are obtained. The shells are weathered on the surfaces and joints of the
rock, and some of the beds are quite rotten, so that the Paludinas may be
picked out. The marble is rather flaggy and splits up in places.
As the marble gets exhausted along its outcrop, it may in future be
necessary to go deeper, even in places under the covering of Wealden
beds where the dip is not too high. Indications of old workings are met
with along the outcrop of the Upper Purbeck beds for some distance
west of Swanage.
In the Vale of Wardour at Teffont Bvias, the beds of hard smooth-
grained limestone are worked for building-purposes. Pitton long ago
suggested, that some of these beds of uniform whitish limestone (locally
known as "Lias") at Ohioksgrove, might possibly be of service for
lithographic purposes.§
Hard limestone belonging to the Purbeck Beds of Battle (a bed known
as the Grizzle in the Bastard Blues) was formerly used for paving-stone. ||A band of bard limestone above the " Pendle," in the Purbeck Beds of
Hartwell, has locally been used as pitching-stone.
The Spilsby Sandstone is described by Mr. Jukes-Browne as " a fine
greenish sandstone, weathering brown, which can be easily quarried as a
freestone." It has been largely used for building-purposes, in East-_
Lincohishire, and " the principal quarries seem to have been at Salmonby"
and'at Holbeck, near Ashby Puerorum," also in Harrington Carfs.^ In
* Englefield's Isle of Wight, p. 172.
t The pavement outside is of Purbeek stone, and the main portion of the building
of Purbeck sheU-limestone (Burr). See Hudleston, Proo. Geol. Assoc, vol. vii.
p. 881.
X See also Eev. J, H. Austen, Guide to Geology of the Isle ofPnrBeok;.1852.
§ Trans. Geol. Soc, ser. 2, voL iv. p. 251.
II
Topley, Geol. Weald, p. 34.
I' Geol. B. Lincohishire, p. 132.
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quality the stone is variable, in many old churclies it has lasted -well, but
in some places it has decayed and crumbled. Much of the stone is soft
and useless.
Miscellaneous uses of Fossils.
The palatal teeth of fishes, more especially those of L^idoius maximus
(Sphoerodus gigas) from the Kimeridge Clay, as well as similar teeth from
other formations, have been utilized in old times as ornaments, or
ernployed as charms, being supposed to possess extraordinary virtues.
Conybeare and Phillips thus state (1822) that " these little fossil pro-
ductions were a century since, in common use with the ladies, as orna-
ments ; and, what is a still more singular circumstance connected with
their history, they seem to have been applied to the same purpose by our
ancient British ancestors : as several strings of them were discovered in
the Wiltshire Barrows, among other ornaments, opened by the late Mr.
Cunnington, of Heytesbury."* Later on Mr. W. Cunnington described a
" Crapaudine Locket " formed of two circular teeth of Lepidotus, found at
Devizes.t
Dr. Henry "Woodward has recently given a further account of these
articles,! mentioning' that the old Naturalists (such as Lhwyd) described
the circular enamelled palatal teeth of fishes as Bufonites or Toad-stones.
Mr. Cameron informs me that Belemnites obtained from the Oxford
Clay, south of Bedford, have been ground up and the material has been
used for sore eyes ; and specimens of the same fossil were formerly collected
in Buckinghamshire and Bedfordshire " by the villagers who consider
them, when pounded, an excellent cure for rheumatism."§
At Fletton near Peterborough, the very abundant specimens of
Belemnites Oweni are collected by the workmen, who receive 2s. a scuttle-
full for them ; but I am informed by Mr. A. M". Leeds that the men are paid
simply to pick them out from the clay as they would spoil the bricks.
Stone-tiles.
Purbeck stone-tiles have been employed for roofing-purposes
from Roman times.
Thin limestones in the Lower Purbeck Beds on Portland, known as the
Slatt Beds and some of the overlying fissile limestones, have been
employed for roofing. The same is the case at Swanage.
Stone tiles were formerly obtained from the hill above Tilly WhimH
near Swanage, and used in the town, also at Oorfe, &c.
,
At Swindon the Lower Purbeck Beds have yielded tilestones used in
some of the old buildings in North Wilts and at Devizes.
None of these stone-tiles can, however, compare with those obtained
from the Stonesfield and CoUyweston Beds or from the Forest Marble.
Hearth Stone.
Hearth-stone has been obtained from some of the soft Lower
Purbeck Beds at Portland.
The Aish is used for holystone, and for whitening stones and passages.
The holystone sent away is obtained from the Base Bed of the Portland
freestone.
Hearth stone has been also obtained from a pale gritty limestone.
White Bed, 18 ins. to 4 feet thick, on top of the Kag Beds belonging to
Upper Portland Beds in the Vale of Wardour.
* Outlines of the Geol. England and Wales, p. 208.
t Wilts Arch. Mag., 1870, p. 249.
% Geol. Mag., 1893, p. 246.
§ J. H. Maoalister, Geologist, vol. iv. p. 21S ; see ulso H. B. W., Memoir on the
Lias of England and Wales, p. 297,
II
Fitton, Trans. Geol. See, ser. 2, vol. iv. p. 209.
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Road Metal.
The Kellaways Eock of Wiltshire was in old times used locally for road-
mending.
Prof. Judd remarks that the Oxford Clay, as at Eamsey, has been dug
and burnt as a substitute for gravel, a use to which the clay is frequently
applied. It has been so used in Wiltshire, but when the surface is
covered by only 5 or 6 inches of the " metal," it is found unsuitable for
heavy carting.
The Corallian Beds, more especially the hard calcareous sandstones of
the Lower Calcareous Grit, have furnished good material for roads, as at
Derry Hill, west of Calne (" Black stone "), near Oonygre Farm, Calne
(Oonygre stone), Bullingdon, &c. Sometimes, as at Burton and Heading-
ton, the Coral Bag is used.
In many places in the neighbourhood, the Westbury Slag from the
iron-fumaces has been employed for road-metal, though the smell of it is
sometimes unpleasant.
South-east of Encombe House, in the Isle of Purbeck, a rubble of
Portland and Purbeck Beds is worked for gravel.
On Portland the " Hard Slatt" of the Purbeck Beds has been used for
road-mending, and in the Isle of Purbeck some of the roads are mended
with the waste material from the quarries : such roads are white and
dusty or very muddy.
Hard calciferous sandstones in the " Greys " of the Purbeck Beds of
Sussex have been used for road-metal.
As before-mentioned, the principal roads are now mended with material
that is often obtained from a distance.*
Sands.
At Casewick, north-east of Stamford, sand for the use of the glass-
maker and potter has been obtained.f Prof. Judd mentions that in this
district irregular beds of whitish sand occur in the Kellaways Beds, so
that probably this was the deposit formerly worked.
Sands belonging to the Corallian Beds have been used for mortar, at
Pnrton, Highworth, and other places ; and elsewhere they have been
utilized in brickmrds.
At Shotover Hill in the Portland Beds, the white gritty sands (with
" sand bailers ") are used for moulding bricks, while a lower bed just
above the Kimeridge Clay yields a soft mealy sand used for moulding in
iron-fumaces as " foundry loam." Dr. Percy remarks that casting sands
for moulds in foundries may contain 93 per cent, of fine quartzose sand,
2 of ochre, and 6 of aluminous earth (non-calcareous).J
The sands belonging to the Spilsby Sandstone are used for mortar-
making, and also in brickyards. At Acre House near Claxby the sand,
" being exceedingly sharp and clean, is quarried and sent away by rail."§
Septaria and Cement Stones.
Septaria from the Oxford Clay have occasionally been cut and polished
for ornamental purposes (slabs and tables) as at Kadipole and Melbury
Osmnnd in Dorsetshire, where the stone is known as Melbury Marble, or
Turtle Stone, the waxen veins of calc-spar forming its_ chief beauty. The
original name applied to septaria was Lrtdms HelmonU,\\ as when cut they
resemble surfaces of dice. (See p. 17.)
* Memoir on the Lias of England and Wales, p. 12.
t Hunt, Mineral Statistics for 1858, Part 2, p. 375.
J See Metallurgy, Refractory Materials, Ed. 2, p. 152.
§ Fox-Strangways, in Geol. N. Lincolnshire, p. 108.
11 After J. B. Van Helmont.
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Septaria from the Kimeridge Clay of Portland hare been otit and
polisned, and Mtton mentioned the occurrence of " Turtle Stones " in
the Kimeridge Clay west of Shaftesbury.*
Fine Septaria occur in the Kimeridge Clay near Horncastle, where they
are sold for rockeries. Sometimes a gill or two of water was found when
the stones Were broken. This may have originated when the concretion
was formed, the outer portion of which having solidified, the cavity
resulted from the shrinkage of the inner portion. A band of very large
Beptaria occurs in the lower part of the Oxford Olay west of Bourn.
Eeferring to a brickyard in the Kimeridge Clay at South Willingham,
Mr. Strahan says that at its base it is fullof very large septaria, averaging
from 3 to 4 feet in diameter, by about 1^ feet thickness. These septaria
break up readily in the weather ; the outer portions consist of a blue
argillaceous limestone of an earthy texture, traversed by cracks filled, or
partly filled, .with dogtooth oaloite ; in the centre is a heart almost entirely
made up of calcite. Tiiis limestone was sent to Hull to be tried for
hydraulie cement but proved worthless.t
Lime and Cement.
L/ime for building and agricultural purposes is made from the
limestoneg belonging to the Oorallian, Portlaiid, and Piurbeck
Beds.
The Oorallian beds are thus employed in various localities—the lime
from the coral-rocks being in some places of a stronger nature than that
made from the Coralline Oolite.
Occasional bands of limestone in the Oxford and Am ptViill Clays, as
at Husborne Crawley, (where the rock is known as"hurlock,") and at
Gamlingay, are burnt for lime.
Portland Beds on Portland, at Portisham and Upway, and in the Isle of
Purbeck are burnt for lime. In the Vale of "Wardour the chalky lime-
stones are burnt at Chilmark and "Wockley; so also are some' of the
Portland Beds in Oxfordshire and Buckinghamshire.
The cap-beds belonging to the Purbeck Beds of Portland, and' some of
the soft earthy Purbeck limestones at Wookley and Swindon are burnt'for
lime. ^
The Coralline Oolite of "Westbury is used as a flux in the adjaining
iron-furnaces.J r
Portland or Hydraulic cement has been made from the cement-stones In
the Kimeridge clay of the Isle of Purbeck. Mr. B. Green remarks that
"The only seam which has now any value is the ' East Ledge,' 2 ft. 10 ins.
thick."§ I am informed by Mr. Strahan that cement-stones were lately
worked by levels driven into the cliff, close by where the Kimeridge
" coal " was worked in a similar manner, Formerly the cement-stones t)f
Broad Bench were employed for making cement, being sent over to
Medina, in the Isle of Wight.
Hydraulic Lime, miscalled " Blue Lias Lime," is made from the Lower
Purbeck Beds at Upway.
The limestones of the Purbeck Beds in Sussex, known as the Sussex
limestone, were at one time largely worked for making lime both for
building and agricultural purposes. An account of the beds and the
! method of working them has been published by Mr. 0. Gould. Tie Blue
limestone was considered to make by far the best lime for building.
* Trans. Geol. Soc, ser. 2, vol. iv. p. 256.
t Geol. Lincoln, p. 81.
j An analysis of the limestone has been published by G. C. Greenwell, Proo.
S. Wales Inst. Gv. Eng., vol. i. p. 311.
§ Kimmeridge Shale, its Origin, &c., 1886, p. 21. Analyses otSeptaria vary very
much, see for instance that of Septaria from Oxford Clay of Bletchley by A.,
Timmins. Geol. Mag., 1889, p. 357.
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purposes, but the " Grejs " were bymany considered equal to the " Blues "
for agriculture.
In Archer "Wood shafts were sunk to various depths up to 110 feet, and
galleries were then driven in certain directions. In Limekiln Wood,
and oyer a portion of Archer "Wood, the stone was obtained by means of
Bell Pits. A circular shaft 4 feet in diameter was sunk for 20 feet. The
quarrymen then commenced.to " bell " it out, increasing the diameter with
the depth, so that eventually the base of a pit 50 or 55 feet deep was as
much as 20 feet across. No timbering was necessary unless horizontal
galleries were driven from the base of the pit. The lime made was more
or less hydraulic in character, and some beds of the stone,, especially the
^' Bastard Blues," were considered suitable for making hydraulic pemeut.,*
Gypsum,
The Lower Purbeck Beds of Durlston Bay, near Swanage,
have yielded a good deal of gypsum, but the material is not now
worked, and during recent years only fallen masses have, from
time to time, been collected upon the shore. Formerly the base
of the cliff was cut away to work the gypsum, which was said to
occur in masses from 2 to 20 feet in diameter, containing from
1 to 20 tons.t
Gypsum or white alabaster was discovered in the Purbeck
Beds at Netherfield, near Battle, by the stream between Snep's
Wood and Great Wood, during the SubrWealden Boring.
After passing through 119 feet of strata, a bedof gypsum 6 feet thick
was penetrated, then 5 feet of shales, then 4 feet of gypsum, then 16 feet
of SMles, and afterwards a third seam of gypsum 7 feet thick was proved;
In 1876, the amount raised was 234 tons, valued at 70Z.
The gypsum is used in the preparation of Plaster of Paris, and in
Keene's and Parian cements. The waste stuff has been sold at 20s. per
ton for use as manure in parts- of Kent and Surrey. Columns about
one foot in length were fashioned for a font at Bexhill.
The following are the particulars of the production of Gypsum at the
works of the Sub-Wealden Gypsum Company, Mountfield, near Battle :
—
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Alum.
Alum was prepared from the Kimeridge Clay of Kimeridge in
the 16th century, when Alum-works were erected.* It occurs as
an efl9orescenc& on the surface of some of the shales in this
formation, and also in the Pnrbeck Beds.
Go;proliies.
" Coprolites " or phosphatio concretions and phosphatized fossils are
found in small quantities in the Kimeridge Clay, more especially at the
base, and at the base of the Portland Stone. Coprolites have been observed
in the Corallian Oolite at Osmington.f
Mr. Jukes-Browne thought that the phosphatic band at the base of the
Spilsby Sandstone " might in some places be worth working for economic
purposes" Analyses by Mr. Grant-Wilson and Mr. M. Staniland showed
about 46 per cent, of phosphate of lime.
J
Brick Earth and Tile Clay.
Clays used for brick and tile-making and for drain-pipes are
obtained from the Oxford Clay, the Corallian Beds, the
Kimeridge Clay, and the Portland Beds, In all these formations
the character of the clay is subject to much variation. Some
examples of bricks and brick-clays are now exhibited in the
Museum of Practical Geology.
The Oxford Clay is perhaps the most extensively dug over the area,
although some of the smaller brickyards are being abandoned through
the competition of larger works, where elaborate machinery is employed in
the manufacture of the bricks.
The milder earths in the Kellaways Series or those passage-beds that
occur at the junction of the Oxford Clay and Lower Corallian Beds, or
at the junction of the Kimeridge Clay and Lower Portland Beds, are best
adapted for brickmaking, for the sandy clays yield bricks that better
withstand the weather than those made from stiffer clay.
The bricks, &c. made from the Oxford Clay are usually red, but in
inany cases they are mottled pale red and yellowish-white : the colour
being dependent partly on the calcareous character of the clay ; but
mainly on their being burnt in a reducing atmosphere, which as Mr. A. B.
Dick informs me, leads to the formation of the silicate of protoxide
of iron. In some places chimney-pots, flower-pots, and ornamental
bricks are made.
There are important brickyards at Weymouth, Melbury Osmund, Trow-
bridge, near Seend, Chippenham,§ Oxford, Penny Stratford, Bedford, St.
Neot's, Peterborough (Fletton, &c.), Eamsey, &c.
In Oxfordshire and Buckinghamshire, the men usually dig the clay
" after the turn of the days," that is after Christmas.
Good brickearth is obtained from the Kellaways Beds near Bedford.
As remarked by Mr. Cameron, the loam or "lam earth," as it is called,
is mixed with the stiffer basement clay (Kellaways Clay), thus lessening
the liability in the material to contract and crack in drying, as happens
when the " strong " basement-clay alone is used.|[
Clays belonging to the Kellaways Beds are worked at Oundle, South-
wick, Benefleld, Dogsthorpe, Uffington, iKate's Bridge near Thurlby,
and Warmington ; and Prof. Judd remarks that brick^ made from these
* See Mansell-Pleydell, Proc. Dorset Nat. Hist. Club, vol. xv., p. 174.
t Buokland, Trans. Geol. Soc, ser. 2, vol. iii. p. 232.
J Geol. East Lincolnshire, p. ISij
§ An analysis of clay from the hrickworks, at Canal Bank, Chippenham, is given
-
by G. Maw, Quart. Journ. Geol. Soc, vol. xxiv. p. 357.
II
Geol. Mag., 1892, p. 67.
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sandy beds are muchi superior in quality to those manufactuied frona tlie
Oxford Clay, especially in respect to the amount of heat which they will
bear.*.
At Over Field, north of Long Stanton, clay has been dug for " clay-
lumps " or sun-dried bricks, used for barns and hovels.
Bricks have been made from Gorallian Beds, from the Sandsfoot Clays
at Woymouth, and from loamy clay at Highworth ; also from the
Ampthill Clay at Boxworth, in Cambridgeshire, and at Gamlingay, where
red and white bricks are made at the Belle Vue Steam brickworks.
At Boxworth the clay is of variable character, for that from the higher
part of the pit was not found so good for bricks, as they swell after being
shaped, and burn in uneven forms. Good 6-inch and other drain-pipes
are made. I was informed that the brick-makers used to be paid 3s. 6d.
per thousand bricks, 30 or 40 years ago ; now they want 4s. 6d., and do
not do their work so well.
The Kimeridge Glay is largely used for brick-making, and also for the
manufacture of ornamental tiles, flower-pots, &c. Most of these bricks,
tiles, and pipes are red, but in some places white bricks are made by the
addition of chalk.
There are brickyards at G-illingham, Swindon, Headington, Brill, Ely,
Downham Market, near Market Easen, Horncastle, West Ashby, and
many other places.f
At Eoslyn Hole, Ely, the Clay has been used for mending the Fenland
dykes, and repairing the banks of the Eiver Cam.
At Brill where the lower Portland Beds pass down into the Kimeridge
Clay the higher portion (equivalent to the Hartwell Clay) furnishes a
" mild earth " well adapted for brick-making, while below the clay is
stiffer and suitable for making tiles and drain-pipes.
From Ihe Purbeck Beds of Poundsford, in Sussex, an unctuous blue
clay "has been used with some success as a pigment."J
Iron Ores.
Oolitic iron-ore, known commercially as " brown haematite,"
occurs in the Corallian Rocks at Abbolsbury, and Westbury, and
it has for many years been worked at the latter place. A band of
oolitic iron-ore has been proved to occur near the junction of
Kimeridgian and Corallian Beds in the Dover Boring. (See
pp. 150, 343.) At Olaxby, in Lincolnshire, there is also an oolitic
iron-ore, which occurs on the border-line between the Jurassic and
Neocomian Strata, and this has at times been worked.
In the formation of these ironstones the evidence all tends to
show that the ore was introduced subsequently to the accumu-
lation of the strata, in the form of carbonate of iron, which has
replaced the oolite grains where present, as M'ell as certain organic
remains and other calcareous portions of the strata. Along the
outcrop the ironstone has been weathered and rusted into the
form of brown haematite, while deeper beneatti the surface, and
especially where protected by coverings of clay, the iroa-ore
remains in the form of carbonate, and thus retains its original
bluish-grey colour.
Messrs. Blake and Hudleston describe the Abbotsbury ironstone as
containing particles of rounded and subangular quartz-grit and coffee-
coloured granules about the size of a pin's head. Tho granule may
perhaps be called an oolitic grain of the hydrous oxide of iron ; ' ' but
* Geol. Rutland, &c., pp. 232, 234, 235.
t An analysis of Kimeridge Clay from Westbnry, Wiltshire, was given by J. D.
Kendall, Trans. N. of Eng. Inst, of Mining Engineers, vol. xxxv. p. 156.
J Topley, Geol. Weald, p. 38.
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even tho outer skin is not pure oxide ; and after treatment with acid there
remains a residue presenting a sphere-on-sphere structure, hollow within,
and composed of a uniform subcrystalline material, the greater part being
silica." An analysis given by them showed that the granules contain
about 73 "67 per cent, of ferric oxide.*
The siliceous structures in the oolite grains are similar to those
noticed by Mr, A. B. Dick in the Cleveland iron-ore ; by Prof. Judd,
in the Northampton iron-ore ; by Mr. Teall in those of Frodingham
and "Westbury ; and by Mr. Staniland in that of Olaxby.t
Near Sturminster Newton I found traces of iron-ore on the
same horizon as that of Abbotsbury. (See p. 102.)
The beds at the Westbury Iron-works are described by Messrs. Blake
and Hudleston as comprising " an oolitic ironstone more or less mixed up
with black argillaceous ore. It is almost free from grit, and exists partly
as ferrous carbonate, and partly as hydrated peroxide. ... In the
oolitic portions of the stone, oxidation has progressed to a greater extent
than in the black earthy portions, wbich are almost in the condition of
clay ironstone. The chief difference between this and the granules of
Abbotsbury consists in the greater abundance of phosphoric acid."J
Under the microscope the ironstone, as noted by Mr. Teall, shows
reddish-brown oolitic grains with concentric structure in a dark yellowish-
green matrix. The matrix contains a large number of colourless crystal-
line and detached grains of calcite of fairly uniform size, and much
smaller than the oolitic grains. The nuclei of the larger oolite grains are
in many instances broken fragments of other grains. The residue, after
treatment with hydrochloric acid, consists of siliceous oolitic balls
(soluble in a solution of caustic potash), and of minute angular fragments
of oligoclase and quartz. §
The Westbury ore was first worked about the year 1856, and
the annual quantity of ore raised, has varied from 5,000 tons
(1856) to 105,929 tons (1873). Of later years the -Mineral
Statistics prepared by H.M. Inspectors of Mines, and published
by the Home Department, give the following particulars up to
1885, after which, excepting in 1892, the returns have not been
separately stated :
—
Tears.
IRON ORES.
Analyses of Iron-ore.
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In all cases the iron-ore appears to be due to the local con-
centration o£ ferruginous matter and to the fact that this has
replaced calcareous beds—limestones more or less oolitic and
fossiliferous.
Gradations occur between the beds that are of value as an iron-
ore and those which contain too small a per-centage of metal to be
of service. Iron-shot limestones, beds of more or less earthy lime-
stone with grains of iron-ore, are of frequent occurrence, and
particular layers have been, noted in the Lower Lias of Radstock,
in the Marlstone of many areas, in the Cephalopoda-bed of the
Cotteswold Hills, in the Inferior Oolite of Dorset, and in the
Upper Coral-rag of Ringstead Bay. These limestones owe their
iron-shot appearance mainly to the replacement of calcareous
oolite grains by iron-ore, but sometimes to the similar replacement
of tiny fragments of organisms.
Here and there we find that the iron-ore occurs in nodular
bands as at the top of the Lower Lias in Gloucestershire, in the
ironstone junction-bed at the base of the Upper Estuarine Series
and occasionally in the Great Oolite Clay. In this form it appears
to be due to local segregation, and some of the ochreous nodules
suggest that the ferruginous matter gathered round nuclei of clay,
such as might have originated as clay-pebbles.
The iron-shot limestones (Inferior Oolite) o£ Dorset pass in
places into a bed having 35 per cent, of peroxide of iron.
In the Lincolnshire Limestone w& find that the upper Strata
that lie beneath the Upper Estuarine Beds, are tinged various
shades of red, as in the Crash Bed. This, however, may be
usually attributed to staining from the ironstone junction-bed
above.
The stratigraphical features of the main beds of ironstone are
somewhat varied.*
The Frodinghara iron-ore in the Lower Lias of Lincolnshire,
lies between masses of shale and clay. The Northampton iron-
ore rests on a mass of Upper Lias clay, and is covered usually by
sands with occgponal clay bands.
On the other hand the Marlstone iron-ore is covered by a mass
of Upper Lias clay, and usually rests on semi-porous beds of
sandy Shale or even of sand ; the very ferruginous oolite in Dorset
rests on sands and is overlaid by buff earthy and oolitic lime-
stones ; the Oorallian iron-ore of Westbury is overlaid by a mass
of Kimeridge Clay, and rests on a thin semi-porous band of sand
and laminated clay, beneath which are pale oolites and marls
;
the Claxby iron-ore rests on sands and sandstone (Spilsby
Sandstone) and Is overlaid bj^ the Tealby Clay.
The organic remains in the various beds of iron-ore, though
found for the most pnrt as moulds and casts, are sometimes
replaced with carbonate of iron, with the exception of shells like
Pecten and Ostrea which retain their calcareous substance, and
are found in layers in the Lias and Corallian iron ores. In the
* See a'so KcnlitU, lion Ores of Great Britain, 1893, pp. 252, 312.
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Cleveland ore, as pointed out by Dr. Sorby, some of the shell-
structures have been replaced by carbonate of iron.
That the replacement has been gradual and in some cases
partial, is shown by the fact that both shell structures and oolite
grains sometimes contain inner portions of carbonate of lime.
Analogous partial replacement has been found in the chert with
oolite grains (p. 234).
That the iron-ore was introduced subsequently to the deposition
of the strata is amply proved by the state of preservation of the
organic remain?.*
Mr. Hudleslon in drawing attention to the abundance in some
iron-ores of large Monomyaria, such as Ostrea, Lima, Pecten, &c>.,
remarked " that where this feature occurs there is often a lar.^e
charge of phosphorus in the ore, due in part at least to the
decomposition of the animal matter of these molluscs and
associated organisms."f Referring to the Northampton iron-ores,
he suggests that they have been formed by the replacement of lime-
stone. The rock was originally a sandy oolitic limestone, and in
the first place carbonate of iron replaced the carbonate of lime
—
the strata being saturated for a considerable period with waters
holding bicavbonate of iron. Afterwards through the actio i of
surface-waters the carbonate of the protoxide of iron has, al)ng
the outcrop of the beds, been converted into the ordinary hydrated
peroxide. He consiHers that the Northampton ore was derived
from the overlying Estuariae Sands, which contain much lignite,
and that the action of organic acids, due to the decomposition of
woody mattei-, would serve to leach out the iron from these
overlying beds. J
Mr. Kendall believes that the direct source of the iron was in
many cases the clay contiguous to the deposits.
Neither of these views seems wholly satisfactory, but we may
infer that the iron-ore was derived from ferruginous waters that
percolated underground for long distances when the strata were
buried deep beneath newer accumulations.
Lignite and Bituminous Shales.
Fruitless trials for coal, based sometimes on the occurrence of
dark shales, lignite, or bituminous shale, were made in old limes
in several localities in the Oxford and Kimeridge Clays. (See
also p. 22.)
Such trial-borings have been made in the Oxford Clay near Brewham§
(see p. 22); at Malmesbury (300 feet deep)]|;and also near Melksham,
* With reference to the original sources of iron-ore see Hiulleston, Proc. Geol.
Assoc, Tol. xi. p. 103 ; and Eeview by J. J. H. Teall, of J. H. L. Togt's, Formation
of Iron-ore Deposits, Geol. Mag., 1892, p. 82.
t Proc. Geol. Assoc, vol. xiii. p. 138.
X Proc. Geol. Assoc, vol. iv. p. 1^3, and vol. xi. p. 123 j see also Jadd, Geol.
Eutland, &c, pp. 95,131.
§ J. Phillips in Mem. William Smith, p. 66 ; Conybeare and Phillips, Geol.
England and Wales, p. 195.
II
J. Backman, Geologist, vol. i. p. 184; Quart. Journ. Geol. Soc. vol. xiv. p. 125.
e 82428. y
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where the trial resulted in the finding of a mineral water and the estab-
" lishment of the Melksham Spa. (See pp. 27, 340.)
Again, at Bynsham Heath, near Oxford, the presence of bituminous
shale in the Oxford Clay led to a fruitless search for coal.*
At Abbots Eipton, near Huntingdon, a fruitless trial-boring was made ;
and again at Ampthill, as I was informed by Mr. Cameron, a boring was
carried though the Lower Gregnsand, and Ampthill Clay, into the Oxford
Clay, to a total depth of about 400 feet.
A fruitless boring was made many years ago in the Kimeridge Clay, in
ground called Eichmond near Twiford and Whitings, to the west of
Melbury Abbas, and to the south of Shaftesbury in Dorsetshire. At
the depth of 40 feet "black grit-stone," and a large vertebra were found,
and at a depth of 80 feet clay-stone (septarinm).f
Other borings in search of coal have been made in BagleyWood near
Oxford, at Brin,J and again at Old Bolingbroke (600 feet), at Woodhall
(1,020 feet), and Donnington-upon-Bain (309 feet) in Lincolnshire.
In the case of Woodhall the boring resulted in the finding of a saline
spring and the establishment of the Woodhall Iodine Spa.§
Mr. E. N. Mantell noted the occurrence in the Oxford Clay at Studley,
south of Trowbridge, of bituminous unctuous shales, remarking that
" This clay emits a brilliant gas when burnt, and I have frequently used
it to illuminate my room."||
Thin beds of bituminous shale were proved in borings in the Oxford
Clay at Swindon and also at Bletchley.
Lignite, like Kimeridge Coal, was stated by Fitton to occur near Steeple
Ashton ;^ and strata of a bituminous nature (said to have been used for
coal) were discovered in sinking a shaft at the brickyard on the north
side of the Bath road, near the foot of Devizes Hill.**
Mr. Jukes-Browne has noticed the occurrence of black bituminous
shales at Old Bolingbroke, which led to the fruitless search for coal
before mentioned ; he also states that at East Keal black shale that
" would burn almost like coal " was found about 20 feet down in
sinking wells. This " is evidently the same bed as that found near
Bdlingbroke."tt
At the brick-kiln near South Willingham, according to Mr. A. Strahan,Jt
"Below the layer of septaria there occur bands of hard inflammable oil
shale, locally known as " dice." The bands are 4 to 6 inches thick, and
are separated by blue clay. Fragments of dice readily blaze when dry,
and leave a copious grey ash, giving off a most off"ensive smell while
burning. It is said that the clay from this pit, when made up into bricks
andigniied in the kiln, to a certain extent supports combustion, giving
off a poisonous vapour that is highly prejudicial to vegetation. About
Willingham water is got in some of the shallow wells from the beds of
dice. Some of the water is ferruginous and smells offensively."
Similar beds of dice or inflammable shale were proved in the deep
boring at Donningtoti. Mr. Strahan says these bands of shale probably
run through the whole district, but they are very rarely seen from want
of good sections.
Coaly matter has also been found in a well-boring at Driby in Lincoln-
shire ; and in the Acre House Mine, near Claxby, a thin bed of highly
inflammable shale was met with below the Spilsby Sandstone.§§
* C. S. Read, Journ. E. Agrio. See. vol. xv. p. 197.
t J. Woodward, Nat. Hist. Foss. Erig., Tome II. pp. 52 and 99.
J Phillips, Mem. William Smith, pp. 66, 67.
§ Strahan, Geol. Lincoln, pp. 8i, 208.
II
Quart. Joum. Geol. See., vol. vi. p. 313 ; Damon, Geol. Weymouth, 1884, p. 24.
"IT Trans. Geol. See, ser. 2, vol. iv. p. 269.
** Lonsdale, Ihid., vol. iii. p. 265.
tt Geol. East Lincolnshire, p. 10.
XX Geol. Lincoln, p. 81.
§§ Judd, Quart. Journ. Geol Soc, vol. xxvi. p. 331 j and Ussher, Geol. N.
Lincolnshire, p. 107.
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Attempts have been made from time to time to found profitable
works for the distillation of the Kimeridge Shale. Most of these
have failed, although large quantities of paraffin, rough oils,
candles, and mineral manure have been made and sold. Gas has
also been made. About ten years ago the Kimeridge Oil and
Carbon Company (Limited) established works "at Sandford, near
Wareham, and I was indebted • to Mr. Charles Beaumont, the
Manager, for particulars of the products obtained.
The shale is worked at Kimeridge Cliff east of the Bay, and
the. " best bed " or " black stone " is a two-foot seam of dense
bituminous shale, which occurs some way down the cliff, overlaid
by 4 feet 6 inches of clay and again by 16 feet of more or less
bituminous shale, and soil. The beds are worked by tunnelling
into the cliff. The Black-stone is the bed usually burnt by the
villagers; it also yields carbon for filters. The common shale is
considered better as a material for yielding products for decolorising
and deodorising. (See Fig. 80, p. 159.)
The beds yield from 30 to 66 gallons of crude oil per ton, and
about 10 cwt. of carbon. Other products are Naphtha, Lubri-
cating Oils, Varnish, Asphalt, Pitch, Wax, Carbolic disinfectants,
Animal charcoal, and Sulphate of Ammonia.
The shale is at times shipped from Kimeridge to be burnt in
the potteries at Poole. The expense of carriage has no doubt
seriously hindered the success of the various undertakings to
utilize the beds.
Analyses of tlie Black-stone show from 65 to upwards of 60 per cent, of
•volatile matter.
The following shows the general composition :
—
Volatile matter - - - - - - 61 • 00
Carbon - - - - - - - 13-15
Ash - 26-85
100-0
TThe bulk of the shale on the other hand yields about 20 per cent, of
volatile matter and 70 per cent, of ash.
It has been proved that from 9,000 to 10,000 cubic feet of purified gaa
can be obtained from one ton of the Black-stone. The residue, which
amounts to about half a ton, is of no value as a fuel. The coal yields a
reddish ash which contains peroxide of iron.
The following analyses have been published by Mr. Burton G-reen :—
*
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" It is generally supposed that the hydrocarbon? have been
distilled from the putrefaction of animal matter."*
Dr. B. D. Barrowes, Vicar of Kimeridge, writing in 1879, says, ',' This
shale, locally called Black-stone, is burnt by the villagers generally, and,
whilst it throws out a great amount of heat, from its intensely clear and
strong light it renders candles in a great measure unnecessary to them.
It is worked by a company, from mines in the face of the sea-oliff, and its
selling price is twelve shillings per ton; three tons being considered
equivalent to one ton of ordinary coal ; its ashes are used as a garden
manure. Jet is often found in connexion with it."t As might be expecLed
the shale emits an unpleasant odour while burning. The ashes spread
over the meadows are considered a good manure.J
Mr. Burton Green mentions that *' Round the side of the hill
' Cuddle Head,' upon the line at which the Blackstone seam crops
to the surface, are several excavations and heaps where adits have
been driven for the purpose of winning this <riel ; and upon the
top of the hill also are several shafts, apparently connected i\ith
these adits." This would be to the north and north-west of
Hen CliflP, where traces of old workings are to be seen. Here no
doubt the Black-stone came to the surface, and one would infer
that its outcrop might be traced from Hen Cliff, to the valley
south-west of Smedmore, westwards about half-way between the
village of Kimeridge and Kimeridge Bay, and thence to the coast
on the west of the Bay, where it has been observed by Mr. Strahan.
The strata are, however, so much faiilted that actual trial-borings
would be necessary to prove its exact position. That bituminous
beds are persistent for a great distance, may be mferred from
their presence near Portisham ; but whether any particular band
could be traced so far is, of course, doubtful.
The following statistics of the working of oil-shale in Dorsetshire have
been published :
—
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objects ; sucli as centres of armlets, bracelets, or rings, and bases of vages
or bowls* The'discsl are about 2 inches in diameter, with usually one
square perforation, and sometimes two, three, or four round holes.
In Ms excavations at Eushmore, among Eoraano-British remains,
General Pitt-Eivers discovered a decorated tablet of Kimeridge Shale,
which appeared to be of the kind used for writing upon with the stylus,
by means of a coating of wax spread over it. Spindle whorls and bangles
of Kimeridge Shale were also obtained.f
In September 1826 spontaneous combustion took place in the Kimeridge
clay near the east extremity of Ringstead Bay, at Holworth Cliff, adjacent
to the promontory of White Nore. This combustion continued until
1829, although the extent of the surface of the clay, which was burnt, did
net exceed 50 feet square.
Buckland and De la Beche state that " within this space are many small
fumaroles that exhale bituminous and sulphureous vapours, and some of
which are lined with a thin sublimation of sulphur ; much of the shale
near the central parts has undergone a perfect fusion, and is converted
to a cellular slag. In the parts adjacent to this ignited portion of the
cliff where the effect of the fire has been less intense, the shale is simply
baked and reduced to the condition of red tiles, like that on the shore
near Portland Ferry."f The occurrence of the burnt shale at Portland
Perry indicates that there a similar combustion formerly took place.
It has been stated that at the northern end of Portland Isle there " is a
stratum of black ioiflammable slate. It is found on the outside of the
cliffs, and dug horizontally. The upper stratum is 14 feet of natural
black earth ; the next is a greyish soft pavingstone, six inches thick
;
under this, is black earth ; and at the bottom of the cliff, clay.* * *
It is used to heat ovens, piled up as turf, gives a clear light, and yields
a strong bituminous smell, and is in all respects like the Kimeridge
coal." A somewhat similar statement was made by J. Woodward in 1729
;
he noted that the " Coal-stone" was about a foot in thickness, that it
" holds and endures the fire much longer than coal," and contains
Ammonites (Cornu Ammonis) and other shells.
§
The Purbeck shales near Poundsford, Sussex, are occasionally bituminous,
Mr. R. Hallett, the owner of Swife's Farm, had several ton.t of shale
operated upon, and tliis yielded tar, pitch, grease, oil, naphtha and paraflBn.
Mr. Topley called my attention to the fact that the gypsum becomes
bituminous along a line of fault at the Gypsum-works at Netherfleld.il
Miscellomeous Minerals.
Mention has been made of the occurrence of Pyrites, Selenite,
Glauconite, &c., [in various formations. There are but few other minerals
to which special attention need be drawn. (See pp. 49, 167, 325.)
* See Evans, Ancient Bronze Implements, &c. 1881 ; and Figures on Plate 20 of
Damon's Supplement to Geology of Weymouth, &c. ; Mansel-PIeydell, Proc. Dorset
Nat. Hist. Club, vol. xiii. p. 178.
t Excavations in Bokerly and Wansdyke, Dorset and Wilts, 1892.
X Trans. Geol. Soc, ser. 2., vol. iv. p. 2;i.
§ Hutchins. History and Antiquities of Dorset, Ed. 3, vol. ii., 1863, p. 819; J.
Woodward, Nat. Hist. Foss. England, Tome II. p. 17 j also T. Webster, in Engle-
field's Isle of Wight, &c., p. 196.
II
Topley, Geology of the Weald, p. 38.
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CHAPTER XVII.
SPRINGS, WATER SUPPLY, AND DEEP BORINGS.
On the tracts of Oxford Clay andiKiraerldge Clay there are few
important towns and villages, excepting where the strata are
overlaid by superficial deposits of gravel which have furnished
supplies of water from shallow wells.
Thus on the Oxford Olay, Melcomb Regis (the northern part of
Weymouth), ison marine sand and shingle : and Melksham, Oxford, Fenny
Stratford, St. Neot's, Huntingdon, St. Ives, Peterborough, and Brigg are
situated on AUuTial or Glacial gravels and sands. The same is the case-
with regard to Grillingham, Abingdon, Sutton near Ely, Market Rasen,
and other large villages and towns situated on the Kimeridge Clay.
Oxford Clay and Kellaways Rock and underlying strata.
Water is found in many places in the Kellaways Rock at the
base of the Oxford Clay, though it may be difficult to say if in
deep wells it may be entirely derived from that rock, as some
supply may also be yielded from the Cornbrash, &c. beneath.
As a rule, however, there is about 10 feet of clay at the base of
the Kellaways sands and rock-beds, separating them from the
Cornbrash. The Kellaways Beds are very variable in character,,
there being alternations of sands, sometimes with doggers, and
loams and clays, so that they cannot be depended upon for any
large supply of water.
Some particulars of borings in the Yale of Blackmore, made for the
Blackmore Vale Dairy Company, have been communicated to me by the
Secretary of that Company, and by Messrs. Rawlence and Squarey, of th»
Digby Estate Office, Sherborne. At the Fox Inn, south of Holwell, in
Dorset, a well was sunk through " marl " (Oxford Olay) 178 feet, and " sand
rock " (probably Kellaways Rook) 8 feet, and a full supply of water wa&
obtained.
By the Green Man, west of Kingstag, in Lidlinoh parish, a boring was
cairied through similar marl 145 feet, "much harder rock" 25 feet, to
close sand, when water of a saline character, rose to within 38 feet of the
surface. After pumping it was found that the saline character of the
water was maintained.
The occurrence of saline water is interesting, for similar water was found
in a well at Woodbridge Farm, Stock Gaylard.
Water was found at a depth of about 160 feet at Grange Farm, north-
east of Pulham ; but a boring at East Pulham further to the north-east
was carried to a depth of 228 feet without finding watei'. There a sandy
rock full of shells (probahly Kellaways Rock), was found at a depth of
about 200 feet, and beneath blue marly clay, the same as the upper
strata. No doubt faults aifect the water-levels in this Dorset area.
Saline water has been met with in the Great Oolite series close to
Templecombe railway-station, in a bore-hole carried to a depth of 172 feet.
The water contained 74 grains of saline matter per gallon ; chiefly
sulphate of soda.
The well-waters of Wiltshire are notably saline* (see p. 27).
* See H. B. "Woodward, Quart. Journ. Geol. Soc, vol. xlii. p. 299 ; and Memoir
on the Lower Oolitic Eocks of England, p. 514.
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From information kindly supplied by Prof. Edward Kinch, I.
learn that slightly saline waters were met with in the Kellaways-
Rock at the . Manor House, South Carney, where at a depth of
110 feet the yield -was about 10,000 gallons per day. In this case
analysis showed that out of 39 grains per gallon, no less than 29
were carbonate of soda.
In a boring at Oricklade carried to a depth of 105 feet, the
water contained 194 grains per gallon, including 107 of chloride of
sodium and 62 of carbonate of soda.
Again at Somerford, near Malmesbury, a boring carried to a
depth of 90 feet through Kellaways Rock, tapped water containing
1 39 grains per gallon, including 102 of chloride of sodium and
about 29 of carbonate of soda.
The occurrence of saline waters in the Kellaways Beds at
Bletchley, and in Bedfordshire has been mentioned (see pp. 48,
341).
Again at Boston, in Lincolnshire, saline water was found in
sinking a well in 178 3, the strata, as interpreted by Mr. Cameron,
being Oxford Clay 470 feet, and sand (Kellaway's Beds) 8 feet.*
The Inferior Oolite below Bourn has proved one of the most
prolific sources of water in this country. Attention has previously
been drawn to this locality,t but further information has since
been obtained. The water is doubtless derived from the rainfall
on the large area of Lincolnshire Limestone exposed to the north-
north-west.
Springs yielding a little over 5,000,000 gallons a day, at a pressure of
101b. to the square inch, were tapped at depths of 100 to 134 feet from the
surface, by means ofan artesian tube-well 13 ins. in diameter. The water
is conveyed to Spalding, 10 miles distant, by gravitation through a line
of pipes. This is said to be the largest overflowing spring in existence.
Chalybeate water was found at 65 ft. 10 in. from the surface. This was
safely excluded by the driving of the 13 in. pipes. The main springs
were tapped at depths of 78 ft. 6 in., 100 feet, 120, and 134 feet.
The following is the account,of this recent artesian well at Bourn,
made for the supply of Spalding by Messrs. C. Isler & Co. :—
J
Made Ground . . - -
AUuvium.{g^^^gj
I
Kellaways J Clay ...
Beds. 1 Loamy Clay
„ , , fEock and Shells,
-
Cornbrash.|j^.^ggt^^3
Hard blue clay -
Mottled clay
n T, I Blue and green shaly clay0°1»*«
i Hard blul rock -
^^^'
1 Dark blue soft rook with shells
LHard blue clay -
Great
Thickness. Depth
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Thickness. Depth.
Great fLimeatone
Oolite
-j Ditto lignt colour
LimeBtone. ( Ditto green, very hard
I
Dark green clay -
I
Hard blue rook -
J Dark and light green clay
( Hard rock, with water -
1 Light green sandy clay -
|_Blaok clay and peat [lignite]
Lincolnshire / Grey porous rock
Limestone. l.Hard'Xjolite limestone -
A bore-hole at Tongue End Farm, about 6 miles E.S.E. of Bourn, and
nearly 6 miles S.W. of Spalding, proved the following strata, the record
of which was communicated by Mr. E. Easton through Mr. M. W. B.
Ffolkes :—
Upper
Estnarine
Series.
\. In.
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Again in the Kimeridge clay at Downliam Market, a boring made by
Messrs. 0. Isler & Co., proved tlie following beds :
—
Feet.
Losver G-reensand • - - - - 29
f Eock - .... 2
j
Blue clay 72
Kimeridge J Eock------ 6
Clay. ^ Blue clay - - - -99
Blue clay and stone - - - . 6
[ Blue clay - 2
216
The water-level was 35 feet down, and the yield, which apparently came
from the stone-beds, was 360 gallons per hour.* It is possible that
beds of Corallian ago were reached.
A well at Langworth, north-east of Lincoln, sunk through Boulder
Clay and Oxford Clay to a depth of 90 feeb, found water in the Kellaways
Beds, and it rose nearly to the surface.
f
A well-boring made by Messrs. Le Grand and Sutcliff, at the Market
Place, Winslow, proved the following strata, according to Mr. W. H.
Dalton :
—
Feet.
Drift \ . p„„
Oxford OlayJ "'^^
Kellaways Beds -.---. 32
Great Oolite Series ------ 9
Water was obtained from the Kellaways Beds, and stood at 140 feet
from the surface.
Corallian Beds.
The Corallian rocks are not noted for jielding any very large
supplies of vrater, comparable with those obtained in places from
the Lower Oolites. The rock-beds are parted by clays that
perhaps interfere with the free circulation of water. Moreover
the beds where much jointed, sometimes have the fissures infilled
with clay that has been washed in from overlying beds.
In the Weymouth district water has been obtained from wells
sunk, into the Corallian Beds, but the main supply of the town is
derived from a Chalk spring that issues from the base of Moignes
Down, above Sutton Pointz.J
A well-boring for a dairy, south of Boywood Farm, north of Mappowder,
was carried through 168 feet of marl, and 8 feet of rock : the strata said to
be of similar character to those by the Fox Inn and Green Man (p. 332).
Water was plentiful. Judging from the Geological Survey Map the
strata passed through would be Kimeridge Clay and Corallian.
A well made by Messrs. Le Grand and Sutcliff at Ansty, north of
Melcomb Bingham, found a good supply of water at a depth of 103 feet,
the water rising to within two feet of the surface. It seems probable
that Corallian Beds were touched at the base of the boring, and that the
beds penetrated were Cretaceous 21 feet, and Kimeridge Clay 82 feet.
Particulars were communicated to me by Mr. Whitaker.
A well sunk and bored at Gillingham through (Kimeridge) clay and
rock 60 feet, and " clay, hard sand and rock" (partly Corallian) 26 feet,
yielded about 20 gallons per minute.§
* Whitaker, Geol. S W. Norfolk, &e. p. 157.
t De Eance, Proc. Geol. and Polyt. Soc,,\ol. xii. p. 49.
t DamoD, Geol. Weymouth, 1884, p. 133.
§ De Eance, Rep. Brit. Assos. for 1879, p. 1 60.
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Eeference has elsewhere been made to a ivell at Westbury, in Wiltshire
(p. 111).
Springs from the Coralliau rooks at Loxwell or Lokeswell south-east of
Chippenham, were found to yield from 66 to 70 thousand gallons of water a
day.
At the Beaufort Brewery, Wootton Bassett, a little north of the railway-
station a well-boring was carried to a depth of 114 feet through Kimeridge
Clay into Corallian Rocks. (See p. 116.) Water rose to within 8 or 9 feet
of the surface, the yield being equal to 540 gallons per day. The water
was found to contain 85 grains per gallon of saline matter, including 43 of
sulphate of soda, 19 of carbonate of lime, 13 of carbonate of soda, and 9 of
chloride of sodium. This water after long pumping bacame less saline.
A plentiful supply of good water has since been obtained, in the same
neighbourhood, the yield being 360 gallons an hour.
In 1816 a well was commenced by the Wilts and Berks Canal Company
near Toot Hill between S\Yindon and Wootton Bassett to supply water for
the canal. The strata passed through were as follows :—
Feet.
ij-. .1 ^,, / Clay with septaria ; a small chaly- r Sunk -138J!.imeriage uiay.
y ,^^^^^ ^^^.^^^^ ^^ ^^p^j^ ^^ ^2 ^^^^ | -g^^.^^ ^^^^^ _ ^^^
r Coral Rag - - - ]
Corallian Rocks. < Pisolite - - > „ - 21
L Sand and Sandstone - - J
261
William Smith, who was subsequently consulted, remarked that "here
the depth was, of course, expected to be great, from the known depth of
several deep wells in the neighbourhood, all of which produced water
which ascended to their tops ; and the deepest and nearest to this experi-
ment having done so and continued to overflow ever since it was sunk,
afforded data for such a proceeding. Besides the water found at Mr.
King's of Mannington Farm, I find that water has been obtained at
another farm of his, and at Costar and Whitefteld, along the course of
the same clay-ridge which extends to Wootton Bassett : and that at three
of these wells, like that of Mr. Edwards's well {at Even Swindon) the water
is of a mineral quality. All of them I am informed, have a copious supply
of water, and stand full to the surface, or nearly so."
The water at the above-mentioned well was found at first to be consider-
able and it brought up a great quantity of sand, but in time the amount of
water became very limited and the well was abandoned. It is very inter-
esting to learn that at this early date (about 1817) Smith advised headings
to be driven. He said " The first sudden rise of water into the well
through such a small aperture, and the subsequent rush of water through
the sand above referred to, shows that the water comes freely to this hole ;
but to obtain a supply sufiBcieut for the regular work of a 50 horse-power
engine will require headings driven in the level course of the stratum
which produces the water, unless the natural working of the water
through the sand, with an enlarged aperture, should of itself make a
BuflBcient aperture. Headings may be driven in this loose sand, under
such a rock roof, to any extent and at a moderate price. Such subterra-
neous cavities or headings, if made capacious enough to hold from 10 to.
20 locks full, would serve as regulators between the flowing of the spring-
and the inequalities of consumption."*
The account of this well is interesting in connexion with the sinking
at Swindon made by the Great Western Railway Company, and I am
sorry to have been unacquainted with the old record when giving some
account of the newer well.f
A well at Arkell's Brewery, by the cross roads about a mile N.W.
of Stratton St. Margaret's, was sunk 53 feet in Oxford Clay, obtaining but
* J. Phillips, Memoirs of William Smith, pp. 83-86.
f Quart. Journ. Geol. Soc , vol. xlii. p. 287 ; and itemoir on the Lower Ooiitia
Rocks of England, p. 514.
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a poor supply of -water. Another well only 12 feet distant to the N.E.,
was sunk 16 feet into Oorallian Eocks and obtained a good supply. This
information was communicated by Mr. W. H. Dalton who inferred the
presence of a fault running in a northerly direction from the hamlet of
Upper Stratton towards the valley west of Kingsdown ; and having a
downthrow on the east.
At Faringdon a well at the Eagle Brewery, bored 113 feet through the
Corallian Beds to the Oxford Clay, yielded a supply (from a 3-inch bore) of
12,700 gallons per day of 11 hours. The water rose to within 13 feet of
the surface, but was reduced by pumping to 30 feet. Another well, bored
to a depth of 114 feet 6 inches, yielded about 70 gallons per minute.*
Kimeridge Clay^
Reference has been made to a boring in Kimeridge Clay that
yielded a supply of water from stone-beds. As a rule no yield
could be expected from the formation, and even where the
Corallian stone-beds occur in the Fenland ai-ea between the
Oxford Clay and Kimeridge Clay, we could not anticipate any
store of water (See pp. 328, 335.)
Mr. Jukes-Browne informs me that at Asoott, near Wing, south' west
of Leighton Buzzard, a shaft was sunk 44 feet through Drift and Gault
into Kimeridge Clay. A moderate supply of somewhat saline water, was
found at a depth of 42 feet, when a hard band of clayey rock had been
penetrated. A boring was then carried to a depth of 145 feet in stiff
clay, when the well was abandoned.
At Puttenham three miles north-west of Tring a boring was made to a.
depth of 225 feet as follows :
—
f
*
Feet.
Gault Clay, with rock at bottom - about 150
'^PortSTedfp?'' }?»^ (-^'^-^ -*-) ^
-ry- -J m _ f Dark Clay with water-Kimeridge Clay
- | ^^^^^^ [probably septaria].
75
Portland_j gj^^-,,^ „„ij^.„ i,-mo=Mr,« . . _ > 25-
A deeper boring was made some years ago at the Asylum at Stone, near
Aylesbury, and the following record has been preserved at the Geological
Survey Office :
—
Feet,
Soil -
_ ^
rShelly oolitic limestone - - - -
|
]
Tellow sand
roiumuu y
gj^^jj ^ jj^j^ limestone
B^^^-
I
Tellow sand
(_Blue limestone
Blue clay -
Limestone
Dark sand with water ^ - -
v, i j s
Blue clay with fossils _- - . . f
l**
Limestone with Ammonites - - -
|
Limestone - - "
"J
Blue clay------ 45
Lime.stone - - - . ,~j
Blue clay
Limestone - - - - - > 40
Blue clay ... .
j
Limestone - - .
.J
* See T)e Ranee, Rep. Brit. Assoc, for 1878, p. 414, and 1879, p. 159.
f Whitaker, Trans. Hertfordshire Nat. Hist. Soc, vol. vi. p. 60.
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Blue clay ....
Limestone ....
Limestone - .
Bine clay ....
Limestone ....
Blue clay . . . -
Sandy clay ....
Oolitic coralline limestone
Blue clay . - . . -
Oolitic rock, various hardness
Sand and pebbles
Oolitic rock . - -
Clay_ . - -
_
.
Oolitic rock containing fossils, at bottom
boring.
670
A shaft was sunk to the depth of 145 feet, and the rest bored.
In reference to this boring at the " Aylesbury Asylum," John Phillips
remarked that it " showed zones of Gryphcea dilatata and other character-
istic fossils ;"* but the meagre record, and the want of information
concerning the thicknesses of the beds of limestone (probably in many
cases septaria), render it difficult to classify the strata.
The main mass appears to have been 'Kimeridge and Oxford Clays, and
another record published by Mr. 0. S. Eeadf suggests the following
grouping of the strata :
—
Feet.
[Portland Beds.j^ Limestone and yellow sand - - 20
[Kimeridge, 1 qj .^j^j^ ^ ^^^ narrow bands of lime.
Sftay's.]/ «*-« - , ... 500
Great Oolite - - - - 30
The depth here assigned to the boring is 20 feet less than that given
above. The well failed to produce an adequate supply of water.
Portland Beds.
The Portland Beds are well calculated to store up supplies of
water, for the stone-beds are usually traversed by well-marked
joints and fissures, and in many places there is a considerable
thickness of sand in the lower beds and locally in the upper beds.
The limited outcrop of the strata however forbids their being
regarded as of more than very local value for the supply of
water. (See p. 196.)
Portland Island possesses no surface streams. The rain-waters penetrate
generally down to the Portland Sands and are supported by clayey beds
in these strata, or tjy the Kimeridge Clay. Springs issue from the cliffs,
and two more prominent sources have been utilized at Fortune's "Well
and Southwell ; these in old times have supplied all the wants of the
inhabitants. More recently a deep well has been made and this has
proved successful. (See p. 202.)
Dry valleys occur in the Isle of Purbeck, as at Seacombe, where the
rain-waters are conducted underground through the rubbly and porous
Portland Beds ; but at the sea-margin, springs issue over steps and plat-
forms of the oherty Portland rocks, which are eroded in a very irregular
way owing to the bpsses of chert.
• Geol. Oxford, &c., p. 297.
f Jonrn. E. Agric. Soc-, vol. xvi. p. 280.
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It seems likely that tlie Portland Beds of Thame are continuous with
those of Great Milton ; but no evidence from well-borings has, so far as I
know, proved the point. The subject is not without its importance to
those who would seek a supply of water from beneath the G-ault along the
borders of the Chiltern Hills, in the neighbourhood of Tetsworth ; but
injanj' ease the gathering ground would be somewhat limited.
In old times the hardness of the water at Thame was not praised, for
Plot remarked, " there is never a Well in the whole Town whose water
will wash, or (which is worse) brew."*
At Whitchurch in Bnckinghamshire copious springs are thrown out
from the base of the Portland Beds. There is one beneath the moat of
the Castle.
Purbeck Beds.
In Dorsetsliire springs are thrown out here and there by the
Lower Purbeck Beds, water being held in the Swanage stone-beds.
Some of the old quarries are reservoirs of water.
Locally, as in the Vale of Wardour, supplies of virater may be
obtained from the Purbeck stone-beds. (See p. 272.)
In East Lincolnshire the Spilsby Sandstone is a good water-bearing
formation, and a number of villages are situated on it. As remarked by
Mr. Jukes-Browne " Strong springs gush out at many points along the
line of its junction with the Kimeridge Clay, especially in the dales on the
western side of the Steeping Vallej'." These springs are occasionally
ferruginous.f
At Skegness a well to which reference has been made (p. 291), was sunk,
through the Spilsby Sandstone, to a depth of 425 feet. The yield of
water was 8 gallons a minute, and it rose above the surface.
A good supply of water from the Spilsby Sandstone, was also yielded
at Willoughby, near Alford. The boring was carried to a depth of
245 feet, and the yield of water was 100,000 gallons per day, the water
overflowing.]!
Reservoira and Ornamental Waters.
There are Ornamental Waters on the Oxford Clay in the parks of
Longleat, Bowood, Wotton Underwood, Middle Claydon, and Southill
west of Biggleswade ; and on the Kimeridge Clay at Encombe. There is
a Eeservoir to the south-east of Swindon that is situated partly on the
Lower Portland Beds.
The large tracts of Oxford and Kimeridge Clay furnish many sites
suitable for excavated reservoirs, but only in a few cases have sites been
observed that would be adapted for embanked reservoirs. §
SPRINGS.
Of the freshwater springs there are no very copious and noteworthy
examples that can be compared with those which issue from the Lower
Oolites.
Soly'Wells, in the district under consideration, are found here and there,
and from their permanent character they have in old times been dedicated
to various Saints. || There is a Holywell parish in Oxford, while the
village of Holywell, east of St. Ives, derives its name from a well in the
churchyard : the water occurs in a bed of gravel that rests on the Oxford
Olay. The Wishing Well of Upway, near Weymouth, derives its water from
* Natural History of Oxfordshire, 1677, p. 36.
\ Jukes-Browne, Geol. East Lincolnshire, pp. 18, 135.
j Ibid., p. 169 ; and Quart. Journ. See, vol. xlix. p. 469.
§ See Keport Eoyal Commission on Water Supply, 1869, p. xxx ; Evidence of
Bailey Denton, pp. 94, &c., also Report Royal Commission on Metropolitan Water
• Supply, 1893 ; Eviilence of T. Hawksley and others, pp. 255-263, 320-349.
jl See E. C Hope, in the " Antiquary," vols. xxi. to xxv.
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the Chalk range on the north. The Lady Well at "West Keal, and the
Holy Wei] at Somersby in East Lincolnshire, are derived from the Spilsby
Sandstone.
" Petrifying 8pri/ngs " have been noted in a few places in the area
occupied by the Middle and Upper Oolites ; at St. Clement's, and at Carfax
(pump) Oxford
; at Headington, near Oxford (Oorallian Beds); Osbournby,
south of Sleaford (probably the saine as Aswarby Spa) ; at Blashen-weil,
near Corfe Castle, and at Poundsford (Pounceford) near Battle, from the
Purbeck Limestone.
A number of springs have obtained a certain notoriety as Spas,
tut few if any of these retain the fame accorded to them in old
days, though whatever virtue they possessed may still be with
Ihem.
Chalyheate Springs.
The following may be noted with reference to the formations from
which they issue :—
.
Oxford Olay.
Melksham, at Drinkwater House (well said to yield 800 gallons per
Clapham, Bedford.
Someraham Spa, Huntingdonshire (from hard bed in the Oxford Clay).
Oundle (base of Kellaways Rock). Bourn, Blind Well, in Bourn Wood.
Kingerby Spa, north-west of Market Kasen (at base of Drift Sand on
Oxford Clay).
Corallian Beds.
Ilodwell, Weymouth.
Heywood, north of Westbury, Wiltshire.
Wootton Bassett Spa, by Whitehill farm, north-west of town (said to
contain traces of Iodine)
.
Abingdon.
Headington Wick, near Headington, Oxford.
Portland Beds.
Dorton Spa, Dorton Park, near Brill.
Saline Springs.
Saline waters have proved to be more abundant than desirable
in the Kellaways Beds, Oxford Olay, and Corallian Beds. The
following include all the localities that are known lo me.
Lidlinch, Dorset (well-boriiig nearly 200 feet deep into Kellaways Eock,
by Green Man).
Stock G-aylard, near King Stag (well at Woodbridge Farm).
Templeoombe (well-boring 172 feet deep into Pullonian P ; 31 sulphate
of soda, 12 chloride of sodium, 12 carbonate of lime, &o. Total 74 grains
per gallon). .
Horwood Wells, south-east of Wincanton.
West Ashton, near Steeple Ashton, Wiltshire (saline chalybeate ; chloride
of sodium, &o.).
Holt, near Melksham (saline chalybeate ; 146 grains per gallon).
Somerford, near Malmesbury (139 grains per gallon ; chloride of sodium,
102, carbonate of soda, 29, &c.).
Purton Spa, Salt's Hole, west of Pnrton Stoke, between Purton and
Cricklade* (yield 120 gallons per day; 350 grains per gallon, chiefly
sulphates of soda, lime, and magnesia).
* See Analyses, Quart. Jonrn. Chem. Soo., vol. xiv. p. 43 ; and Quart, Journ. ^ol.
•Soc, vol. xlii. p. 299.
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Braydon ^lanor Farm, ueur Purton,* (44o grains per gallon, same salts
as above).
Cricklade (boring 105 feet ; 194 grains per gallon, chiefly chloride of
sodium).
Highwoi'th.
Wootton Bassett (-srell at town, So grains sulphate of soda, &c.).
Swindon (well at Great Western Kailway Co.'s works, from Oorallian
Rocks, 144 grains per gallon, chloride of sodium (86), carbonate of soda
(49), &c., more saline waters were obtained deeper from the Forest
Marble).
Eodbourn Lane, near Rodbourn Cheney, Swindon (112 grains per
gallon ; 4-5 carbonate of soda, 56 chloride of sodium).
South Cerney, Manor House (boring 124 feet to Eellaways Beds
;
39 grains per gallon, chiefly carbonate of soda. Supply at depth of 110
feet about 10,000 gallons per day).
Cnmner, west of Oxford (well).
Bletchley (boring at depths of 390 and 410 feet in Kellaways Beds ; 340
"to 392 grains per gallon of chloride of sodium, sulphate of soda, &c.
(See p. 48.)
Stony Stratford. (See p. 49.)
Kempston, Wootton, Stanton, and Lower Shelton near ilarston
Moreteyne (saline waters, 180 to 250 grains per gallon, in well-waters from
Kellaways Beds).t
At Eaton Socon, near St. Neots (brewery) ; and at St. Neots (well at
paper-mill 300 feet deep ; chloride of sodium and sulphate of soda).
Soham Fen (boring 120 feet to rook, water overflowed but was brackish).
Stainfield, north-west of Boam, Lincolnshire (264 grains per gallon).
Cawthorpe, north of Boui-n (saline chalybeate spring, 160 grains per
gallon).
Aswarby Spa, between Sleaford and Folkingham (480 grains per
gallon).
Walcott, north-west of Billinghay, Lincolnshire (256 grains per
gallon).
Waters impregnated with mineral matter have been noticed at Christian
Malford, north-east of Chippenham, Hail Weston (Spa), near St. Neois,
Himtingdon, St. Ives, and at Haverholme, near Anwick, north-east of
Sleaford (medicinal spring), in the Oxford Clay area; and at North
WUlingham, near Market Rasen (medicinal spring) in the Kimeridge
day area^
" Sulphiir Springs " giving off sulphuretted hydrogen, due to the
decomposition of pyrites, are met with here and there in the Oxford Clay.
Some of these springs are slightly saline, as at Radipole and Nottington
Spa near Weymouth (34 grains per gallon).!
Water from a well at Abingdon, sunk about 60 feet through Kimeridge
Clay into Corallian beds, was slightly inpregnated with sulphuretted
hydrogen and iron-salt.§
A spring at Catley Abbey, east of Digby, and north-west of Sleaford, is
advertised as the " Only natural British Seltzer Water." The water is
obtained from a depth of about 80 feet from beds below the Oxford Clay.
Springs having a temperature of about 66 ° to T4 - were noticed at
Chatteris by Mr. F. W. Harmer. Their origin, which is very doubtful,
has been discussed elsewhere. ||
Eeference has previously been made to the mineral waters in the
Jurassic Rocks, and to the possible sources of supply of the saline
ingredients.lT In many cases we have to look to deep-seated
* A. A'odcker, Jonm. E. Agric. Soc, ser. 2, vol. ii. p. 393.
t Jukes-Browne, Geol. Mag., 1889, p. 360 ; and Midland Nat., vol. xiv. p. 205.
j Bnckland and De la Beche, Trans. Geol. Soc, ser. 2, vol. iv. p. 49, ]^plaa. of
Plate.
§ Eev. J. C. Clutterbuck, Jonm. E. Agric. Soc, ser. 2, vol. i. p. 281.
11 Skertchly, Geol, Fenland, p. 243; and Whitaker, Geol. S.W.Norfolk, &c, p. 151.
, ^ Memoir on the Lias of England, and W^^s, pp. 320-326; Memoir on tie
Lower Oolitic Bocks of England, pp. 511-516. See also B. Warrington, Joura.
Chem. Soc, vol. H. p. 500.
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sources, where the increased temperature of the " waters has
facilitated solution. Even in these cases water must have
travelled underground long distances, and it may in some cases
have connection with the ocean. The rocks themselves and the
fossils they contain, may furnish not only carbonate of lime, but
small quantities of carbonates of magnesia and soda and chloride
of sodium. Gypsum, ochre, and pyrites occur in abundance
here and there in the Jurassic rocks, while saliferous Triassic beds
may yield their contributions from deep-seated sources. The clays
at a depth below the surface are indurated, and, as in the Sub-
Wealden boring the Kimeridge Olay may become of a hard dense
and rocky nature. Through fissures and faults in such materials
water must find its way to the surface, as at Cheltenham, and
other places, though it might have been supposed that the clayey
rocks would Iiave been softened and the way would have been
barred. On the Dorset coast where the Kimeridge Clay is much
faulted, numerous springs are thrown out along the fault-planes.
Dover Boring.
The presence of Jura.«isic rocks at a considerable depth beneath
the surface at Dover, has been made known by the boring in
search of coal, that has been carried out for the South Eastern
Eailway Company under the direction of Mr. F. Brady.
This boring was commenced in 1886, and was undertaken on
the recommendation of Prof. Boyd Dawkins, to whom we are
indebted for the particulars of the Jurassic strata, to which
attention is now drawn.* References have previously been made
to some of the formations. The following is the detailed state-
ment :
—
Dover Boring.
DOVER BOEING. 343
DOVEK BOKING. Thickness. Depth.
Kimeridgiau
Beds.
73 ft.
Coralliau Beds,
159 feet.
Grey marl with iron-sliot
grains, and pebbles of vein
quartz ...
Hard grey limestone
Brown calcareous sandstone
Grey shelly limestone with
iron.shot grains -
Dark grey marl
•^ Hard blue limestone with
lAUorina ...
Brown oolitic ironstone with
Ostrea deltoidea {?)
Grey limestone
Dark bituminous clay
Flaggy sandstone
Grey sandy clay
Sandy limestone with
Gidaris ...
Dark bituminous shale
'Grey nodular limestone
Coralline oolite, with Peeten
vagans, P. articulatus,
Terehratula intermecUa {_?],
Gidaris florigemma, Hemi-
eidaris, TharrmasU'tBa,
Thecosmilia
Clayey limestone, with
Astarte, Gidaris -
Compact grey lim.estone
Sandstone ...
Grey limestone
Brown sandstone .
Grey limestone, hard and
pure ...
Nodular sandstone -
Limestone -
Sandy limestone
Nodular sandstone -
Grey muddy limestone,
< with Plicatula, Gidaris
florigemma, Hemiaidaris •
Sandy marl...
Grey muddy limestone, with
Astarte, Eseogyra, Lima,
Trigorda clavellata, Tere-
hratula intermedia \_?']
Sandy marl -
Grey muddy limestone,
with LithodowMs imclusus,
Ostrea gregaria, Plicatula,
Terehratula
Marly clay -
Shelly limestone
Sandy clay ...
Hard limestone
Sandy clay ...
Hard blue limestone
Sandy clay...
l_Grey sandy Jimestone
Ft, In.
12
4
8
2
4
7
27
2
42
Ft. Tit.
539
640
542
643
645
546
558
562
570
572
576
583
610
612
654
3
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DovEK Boring.
DOVER BORING. 345
Dover Boking.
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another. '' Shale passed gradually into sandy shale and shaly
sandstone, sometimes becoming n, true sandstone. On ^the other
hand shale gradually became calcareous, passing into cement stone
and sometimes into a tolerably good limestone. The chief cases
of fairly abrupt change were at the occurrence of some highly
fossiliferous bands, when it would seem that forms of life, chiefly
oysters, suddenly migrated to the area and as suddenly departed."*
Two borings were made, the first, begun by Mr. Bosworth and continued
by the Diamond Ecck Boring Company, was carried to a depth of 1,030
feet ; the second was carried out by the same Company and completed in
1875 to a depth of 1,905 feet. The two borings were but a few yards apart
and started practically from the same level.
Various accounts of the boring have from time to time been
published. The actual depth bored has been somewhat diflferently
stated at 1,903 and 1,905 feet ; but we may take the latter as the
correct figure, as it is so stated by Mr. Henry Willettf
The interpretations put upon the record have also differed veiy
much, not only those given by different authorities, but by the
same individual. After having the benefit of considering all these
views, and having seen the cores preserved in the Brighton
Museum I venture to make the following grouping of the
strata :
—
Sub-Wbaldeh BoriSg.
SUB-WBAIiDEN BOBING. 347
Sub-Wealdbn Boring.
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APPENDIX.
APPENDIX I.
CATALOGUE OF FOSSILS
PROM THE
MIDDLE AI^D UPPER OOLITIC EOCKS OF
ENGLAI^D.
Explanatory remarks on the preparation of the lists of Fossils were made in
1;he Memoir on the Lias ; and it need only be repeated that the names of
specieS; whose occurrence or identification is doubtful, are either omitted, or
they are inserted with a query.
The species in the Museum of Practical Geology are recorded ; and I have
received much help in noting them from Mr. H. A.Allen, Many specimens
obtained by Mr. J. Rhodes and myself, during the progress of the work, have
been named by Messrs. G. Sharraan and E. T. Newton. To these colleagues,
as well as to Mr. AUen, I am indebted for sundry corrections in the list.
Great assistance in the matter of nomenclature has been received from the
British Museum Catalogues of Fossil Vertebrata, by Mr. R. Lydekker, and
Mr. A. Smith Woodward ; from the Catalogue of British Fossil Vertebrata, by
Messrs. A. S. Woodward and C. D. Sherborn ; and from the Catalogue of British
Jurassic Gasteropoda, by Messrs. W. H. Hudleston, and E, Wilson. , ~
Species are recorded from the volum.es of the Palseontographioal Soeiety, and
frbm the later Memoirs of the Geologifcal Survey, as well as from certain papers
included in the bibliographical list, and to which special reference has previously
been made.
With regard to local museums and private collections of fossils, it may be
stated that, in addition to those recorded in the Memoirs on the Lias and
Lower Oolitic Rocks, there are at Swanage, Corfe Castle, Salisbury, Ely, and
Wisbec|i, museums which contain fossils from the Upper Jurassic Rocks.
Somi of the specimens collected by the Rev. O. Fisher from the Purbeck
Beds, and by the late Dr. H. Porter from the Oxford Clay, are in the Wood-
wardian Museum at Cambridge. Many Saurian remains obtained by Mr.
Alfred N. Leeds (of Eyebury'), are in the British Museum, and some are in the
Oxford Museum. The Purbeck Mammals collected by the late S. H. Beckles
are in the British Museum. The collection of Mr. William Cunnington is
preserved partly in the Devizes Museum, partly in the British Museum. That
of the late Dr. John Lee is at Hartwell ; that of Mr. Marshall Fisher is at
Ely ; that of the Rev. W. R. Andrews is at Eastbourne ; and that of Mr. J. C.
Mansel-PleydeU at Dorchester.
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The species of Ammonites (as before) are indexed under this generic name ;
and a list of the sub-genera is given for convenience of reference.
Many fossils of the Middle and Upper Oolitic formations are illustrated in
Damon's Supplement to the Geology of Weymouth and the Isle of Portland,
of which a 3rd edition was published in 1888; and in Phillip's Geology of
Oxford and the Valley of the Thames, 1871.
Some of the Purbeck MoUusca are figured by P. de Loriol, Mem. Soc. Phys.
et Hist. Nat. Genive, vol. xviii. 1866, p. 80.
References to Localities.
D. Dorsetshire.
S. Somersetshire.
W. Wiltshire.
G. Gloucestershire.
O. Oxfordshire.
Be. Berkshire.
Bu. Buckinghamshire.
Bd. Bedfordshire.
N. Northamptonshire.
H. Huntingdonshire.
C. Cambridgeshire.
Nf. -Norfolk.
L. Lincolnshire.
Y. Yorkshire.
Sx. Sussex.
K. Kent (Borings).
The grouping of the sub-divisions is arranged as follows, in ascending
order ;
—
1. Tione oi Ammonites cdlloviensis ; Kellaways Beds.
%. Zone of A, ornatus. \ n i 3 m
t Zone of A. cordatus. \ O'^fo^d Clay.
4. Zone oi A. perarmatus. \ ri n-
6. Zone of A. pUcatilis. f
Corallian.
7: ioneMi-5St~- JKimeridgeClay.
9:ione%1i&«.. }PortlandBeds.
10. Lower 1
11. Middle f Purbeck Beds.
12. Upper J
X Occurs in the Lower Oolitic Rocks, or in the Wealden Beds, according to
the column.
It should be mentioned that a full list of the Yorkshire Jurassic fossils has
been published by Mr. Fox-Strangways, Mem. Jurassic Rocks, vol. ii. The
species recorded in the present list from Yorkshire are those which also occur
elsewhere in England.
MAMMALIA,—EEPTILIA
.
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Species.
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Species.
a
LOCAMTIES, Eemibes.
Reptima—co(si.
Ornithosauyia—cont,
Pterodactylus Pleydelli,
Owen.
Bhamphorhynohus Jessoni,
Lyd.
Dinosauria.
Bothriospondylus sufEossus,
Owen.
Camptosaurus Leedai, Lyd. -
—— PrestwioW, Hulke
Cetiosaurus longus, Owen -
sp. -
See also Pelorosaurua.
Cryptodraco eumerus, Seeley
See Campto-Cutnnoria.
saurus.
Echinodon BeoHesi, Owen -
Gigantosaurus megalonyx,
Seeley.
Iguanodon Mantelli, Meyer -
See also Camptosanrus.
Ischyrosamrus. See Peloro-
saurus.
Megalosaums Buctlandi, von
Meyer.
. msignis, Desl.
sp. -
Nuthetes destructof, Owen -
Omosaurus armatus, Owen -
.^—
• durobrivensis, Hulke -
hastiger, Owen
Ornithopsis. See Peloro-
saurua.
Pelorosaurus liumerocns-
tatua, Hulke.
Leedsi, Hulke
Manseli, Hulke -
Saroolestes Leedsi, Lyd,
jSteffosaurus. See Omosaurus.
Crocodilia.
See Owen-Braohydectes.
iasuchus.
Dacosaurus
11
D.
H.
W.
N.
Be.
O.
W.
D. w. o. y.
w.
D.
D.
"W.
N.
W. -
D. Bu. C. -
N.
B.C.
N.
O.Bd.
Kim. CI.
Cryptofaurus.
Kim. CI.
Purbeok.
Kim. 01,
Kim. 01.
Kim. CI.
Ampthill 01.
EEPTILIA. am
Species.
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SfECIES.
EEPTILIA. 355
Species.
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Species.
PISCKS. 357
Species.
i
i
1
o
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Species.
PISCES.—MOLLUSOA. 359
Species.
1
o
a
•§
o
2
Localities. Remarks.
Pisces—co»<.
ChimtBroidei.
Brachymylus altidens, A. S.
Woodw.
minor, A. S. Woodw.
Cliimcera. See Ischyodus.
Elasmodectes secans, A. S.
Woodw.
Ischyodus Beaumonti, Eg, -
— Dgertoni, Bnckl. -
Townsendi, Buokl.
sp.
Pachymylus Leeds', A. S.
Woodw.
MOLLITSCA.
Cephalopoda.
Acanthoteuthis speciosa,
Munst.
See also Belemnoteuthis.
10 11 12
D.
D. 0. H.
D. W. 0.
Kim. 01.
Kim. CI.
N.
Ampthill Clay.
Kim. CI.
Amaltheus.
Aspidooeras.
Cadoceras.
Cardioceras.
Cosmoceras.
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Species.
MOLLTJSCA. 361
Species.
a
=§!§ go
1 s; 6i
g
ft o
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Species.
i I a
i
MOLLUSOA. 363
Species.
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Species.
a
o
Localities. Bemaeeb.
MOILTJSCA—eo»«.
Cephalopoda—(xrcA.
Nautilus hezagonus. Sow. -
perinflatus, Foord and
Crick.
portlandicus, Foord and
Crick.
Teudopsis Brodiei, Carr.
Trachyteuthis. See Cocco-
teuthis.
TrlgoneUites. See Aptydhus.
Qasteropoda.
Acttenn retuaus, Phil.
secalinus, Buv.
Actseonina miliola, d*Orb. -
signum. Hudl.
Alaria Arsinoe, d'Orb.
de Lor.
and
See Aporrhais.
bispinosa, Phil. -
cingulata, Koch
Dunk.
oomposiia, Sow. -
? deshayesea, Buv.
P mosensis, Buv. -
nodifera, Eoch
Dunk.
' rasenensis, Blake
Heb.
Buv.
and
seminuda, and
Desl.
temiistria^ See
Aporrhais.
Thurmamni, Contej. See
Aporrhais.
triflda, Phil.
See also Aporrhais
Amberleya princeps, Eoem. -
Aporrhais Beaugrandi, de
Lor. & Pellat.
(cf.) tennistria, Buv. -
Thurmanni, Contej.
sp.
Bythinia?
3 i
9
D. to T.
C.
D.
D.
W. O. T.
L.
D.
D.
W.
W.
W. to Y.
D.
D.
D.Y.
D. L. Y.
D.
D. L.
D. 0.
D. to Y.
C. Y.
D. Bu.
W. Y.
"W.
D. Sx.
w. -
Hercoglossa,
Purbeck.
Cor.
Purb.
Cor.&Oxf.
Kim. CI.
Ox. C1.P
Kim. CI.
Purb.
MOLLUSOA. 365
Species.
366 MIDDLE AND UPPER OOLITIC BOOKS OF ENGLAND ;
Species.
MOLLUSCA. 367
Species.
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Species.
MOLLUSOA. 369
t
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Species.
MOLLTJSOA. 371
Species.
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Species.
MOLLUSOA. 373
Species.
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MOLLUSCA. 375
Species.
o
a
I
M
Localities. Remarks.
MOLLUSCA—C0»^.
LamelUbranchiata
(Pelecypoda)—cont.
Ga.strochiena gracilis, Etall. -
moreana, Buv.
recondita, Phil.
Gervillia acuta. Sow. -
angustata, Roem. -
aviculoides, Sow.
lanceolata, Munst. See
G. acuta.
• tetragona, Ejoem.
Goniomya literata. Sow.
marpiinata, Ag.
Monodi, DolH.
parvula, A^. - - -
V. scripta. Sow.
Gresslya peregrina, Phil.
Gryphjea bilobata. Sow.
dilatata. Sow.
mima, Phil. See Exo-
gyranana.
Hinnites abjectus, Phil.
(cf.) corallina, Hudl. -
fallal, DoUf.
tumidus, Ziet.
velatus, Goldf. See H,
tumidus.
Homomya compressa, Ag. -
gracilis? As;.
tremula, Buv.
Inoceramus rasenensis, Blake
.sp. . - -
-
Isoarca grandis, Etall.
texata, Quenst. - • -
Isocardia autissiodorensis,
Cott.
globosa. Beau
inflata, Voltz. See I.
striata.
minima. Sow.
B 82428.
7
I
8
2 : 3
D.
W. C. Y.
W.
H. Y.
C.
D. to Y. Sx.
L.
D.O.C.H.Y.
D. Y.
D.
D.
D. to Y.
D. to Y.
W. toY.
D.toY. K.
Kim. CI.
D. O. C. Y.
C. Y.
D. W.
C.H.
Be.
L.
L.
0.
L.
D. W. Y.
C.
C.
D.
C.H.
D. W. G. Y.
Cor.
Ox. CI.
Pholadomya hortti-
lana, d'Orb.
J. expansus, Blake.
I. multistriata, Bt.
B B
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Species.
M0LLU9CA, 377
Species.
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Specieb.
MOLLUSCA. 379
Species.
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MOLLUSCA. 381
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Species.
1
1
1
MOLLUSOA. 383
SPBCIBS.
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Species.
BEACHIOPODA. 385
Speciee,
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•
Species.
CRUSTACEA. SS7
Species.
388 JIIDDLB AND UPPER OOLITIC ROCKS OF ENGTiAND
Species.
INSECTA. 389
Species.
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Species.
INSECTA. 391
Species.
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INSECTA. 393
Spbcies,
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INSEOTA—ANNELIDA. 395
,
Sfecieb.
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SPECiEa.
ECHINODEEMATA. 397
SPKOIEB.
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Species.
I
P4
LOCAMTIES. Rbuabes.
BCHnrODBBlIATA—C0«*.
Ophiiiroidea.
Amphiura Pratti, Forbes
Ophioderma •weymouthlen-
sis. Damon.
Ophiurella nereida, Vr.
Asteroidea.
Astropecten rectus, McCoy •
ACIINOZOA.
Anabacia complanata, Defr. -
Astroccsnia major. Tomes -
Calamopbyllia Stokesi, TS.&
H.
CaryophyUia. See Olado-
phyllia and Theoosmilia.
Cladophyllia Conybearei, B.
and H.
Comosetis irradians, E, and
H.
Orateroaeris fungiformis,
Tomes.
2)endroph/yUia. See Gonio-
cora,
Dimorpharsea . - •
Goniooora sooialis, Eoem.
Isastraea explanata, Gcldf. -
Greenonghi, E. and H. -
helianthoides, Qoldl. -
oblonga, Plem. -
Latinueandrarsea oorallina,
E. de From.
Miorophyllia - - ' -
Microsolena Gresslyi, EtaU. -
Montlivaltia dispar, Phil. -
Oroseris. See Latimsean-
drartea.
Protoseris 'Waltoni, B. andH.
Bhabdophyllia Phillipsi, E.
and H.
Siderastraa. SeeThamnas-
treea.
Stylina De la Beohei, E. and
"tubulifera, Phil. -
3 4
rhamnastrtea arachnoidesf
Park.
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W.O.
W. 0. Be.
w.
\f. 0. Y.
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I
D. Be.
W.
D.'W.
W. Be.
Ox. a.
Cor.
A. orbttHtes, LaiuZr
W. 0. 0. Y.
D
W. to Y. •
W.C.Y.
D. Vf, C. Y.
S, Edwa/fdsi, HcO<)y>
•Sideraitrieaaiii»iiioi'
fOrmit, McCoy.
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APPENDIX II.
LIST OF WORKS
BEIATING TO THE
JUEASSIC ROOKS OF El^-GLAND AND WALES,
COMPILED BY
H. B. WOODWARD and C. FOX-STEANGWAYS.
In the two lists now given it has been the object to record all important works
dealing with the stratigraphy and palseontology of the Jurassic Rocks of
England and Wales. In the &st list the publications of the Geological
Survey are enumerated; in the second Ust the principal papers and other
works on the subject are given in chronological order. The titles of those
papers which have been found to contain no original information are omitted.
Moreover it has been decided not to insert references to works that deal only
with economic matters, such as limes and cements, and also those on agri-
culture, mineral waters, &o. In the text references are given to works that
have afforded special information.
Papers that treat particularly of the Jurassic Rocks of Scotland and Ireland
will be recorded in the concluding volume of the Memoir on the Jurassic
Rocks of Britain, a work which will deal with those areas.
List of Authobs.
(The figures refer to the dates of pubUcations,|those in brackets indicating Geological
Survey Works enumerated in List No. I.)
A.
Aeei,, F. a., 1863.
Addt.J., 1883.
AoASsiz, Louis, 1833-44.
Allison, T., 1869.
Ammon, L. von, 1877.
Andrews, C. W., 1895.
, Eev. W. R., 1881, 1891, 1894.
Anning, Maet. 1839.
Anon., 1826, 1829, 1837, 1862-66, 1868-
71, 1873-76, 1879-81.
Ansted, Prof. D. T., 1866.
Anstie, John, (1873-75).
Argall, W., 1874.
Armitage, J., 1871.
Austen, Eev. J. H., 1851.
Adstin, Fort-Majoh T., 1867.
AvuLiNE, W. T., (1844-45, 1857-61,
1874-75).
B,
Badcock, p., 1862.
Bailt, W. H., 1860, 1863.
Bakee, H., 1754.
, J. G., 1863.
—
—
, T. B. Lloxd, 1856.
Baer, T. M. 1874.
Barrett, C. 1878.
Bakeois, Ue. C. 1894.
Barrow, Geokge, (1878-86, 1888-89,
1891) 1877, 1880.
Barrt, C. 1839.
Bate, C. Spence, 1884.
Bates, E. F., 1886.
Bather, F. A., 1886.
Baubeman, H., (1858-59, 1862-63
1865).
Baxter, R. C, 1881.
Bean, 'William., 1836, 1839.
Bedfoed, W., 1839, 1843.
Beeslet, Thomas., 1872-73, 1877
1883.
Bell, J. L., 1872.
Bennett, F. J., (1891).
Bewick, J., 1858, 1861.
BiNNET, E. W., 1859.
BiED, C, 1881.
,
J., 1818, 1822.
Blackwbll.J.K., 1856.
Blainville, H. D. de., 1838.
Blakb, C. Carter., 1868.
,
Prof. J. F., 1872-73, 1875-81,
1885, 1887-88, 1891-93.
:, J. H., (1873), 1872.
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Blahford, W. T., 1885.
BOQG, Edwabd, 1816.
Bonnet, Pkof. T. G., 1875, 1877.
BoTT, A., 1870.
BOHLANGBR, G. A., 1887, 1891.
BomLGKE, Prof. G. S., 1876.
BOTVERBANK, Dr. J. S., 1840, 1841,
1848.
BoTD,C. 1807,1810.
Brady, H. B., 1864-65.
Brannon, p., 1872.
Bkavendbe, John, 1868.
Bright, Dr. E., 1817.
Bristow, H. W., (1845, 1850-52, 1855-
59,1865-67, 1870-71, 1873, 1875),
1867, 1869.
Brocebank, W., 1866.
Beodbeip, W. J., 1828, 1835. 1839.
Brodie, Rev. P. B., 1839, 1842, 1843,
1845, 1847, 1849-51, 1853-54, 1857-
58, 1861i 1865-69, 1870, 1874-75,
1888-90, 1893-94.
, W. R., 1876.
Brongniabt, Ad., 1825, 1828, 1850.
Browett, a., 1889.
Brown, A., 1894.
, Capt. T., 1843, 1849
, T. C, 1873.
, W., 1861.
Browne, M., 1889-91, 1893.
Bruce, A. C, 1868-69.
BuCKLAND, Eev. Prop. W., 1823-24,
1828-30, 1835-36, 1838-40.
BucBMAN, Prof. J., 1842-43, 1845,
1849-50, 1853-55, 1857-58, 1860,
1865-68, 1875, 1877-80.
, S. S., 1878, 1880-81, 1886-95.
BcNBURT, Sir C. J. P., 185L
Burr, Frederick, 1838.
Burrows, H. W., 1893.
Butler A. G., 1873-74.
BuTUN, W. H., 1883.
0.
Cameron, A. C. G., (1880, 1883-86,
1888, 1890), 1888-91.
Carpenter, P. H., 1877, 1880, 1882,
1887.
, Dr. W. B., 1845, 1848.
Cars, W. D., 1883-84.
Carruthers, Wlluam, 1866-71, 1875-
76.
Carte, Dr. A., 1863.
Carter, H. J., 1878.
,
James, 1886.
Casley, G., 1880.
Chadwick, S., 1886.
Chapman, W., 1759.
Charlesworth, Edward, 1837, 1839,
1845-47.
Church, Prof. A. H., 1864, 1872.
Claphah, B. C, 1864.
Clarke, J. P. M., 1891.
, Rev. W. B., 1838.
Cleminshaw, E., 1868-69.
Clvtierbuce, Rkv. J. O., 1861, 1863.
COBBOLD, B.,S., 1880.
COCKBURN, W., 1870.
Cole, Rev. E. M., 1886, 1890-91.
Coleman, Rev. W. H., 1846.
Coles, Henry, 1853.
COLWAL,D., 1679.
COHYBEARE, ReV. J. J., 1822.
, Rev. W. D., 1821-24, 1829, 1833,
1840.
Cooper, B., (1848).
Cope, Prof. E. D., 1884, 1887.
Crick, G. C, 1890-91.
, W. D., 1883, 1887, 1889, 1891-92,
1894-95.
Cross, Rev. J. E., 1875.
Crosse, H., 1875.
Crowder, W., 1856-57.
Cumberland, G., 1821, 1824, 1829.
cumuing, l., 1893.
Cunnington, William, 1847, 1859,
1869, 1872.-
Cuviee, Baron G., 1821-24.
D.
Da Costa, E. M., 1757-58.
Daslish, T., 1875.
Dakyns, J. R., (1864, 1874, 1884, 1886).
Dalton, W. H., (1886, 1888), 1887.
Damon, Robert, 1860.
D'Archiac, E. J. A., 1838.
Davidson, Dr. Thomas, 1847, 1849-
51, 1877.
Davies, William, 1864, 1867, 1871-72,
1876, 1887.
Davis, J. W., 1884, 1887.
Dawkins, Prof. W. Boyd, (1867),
1890, 1892, 1894.
Day, E. C. H., 1863-65.
De la Beche, Sir H. T., (1838-39,
1844-46, 1848, 1855), 1822-23, 1826,
1830, 1835, 1839, 1845.
Delesse, M., 1851.
Dennis, Rev. J. B. P., 1857.
De Range, C. E., 1876-95.
Desnoyees, J., 1826.
Dick, A. B., (1856), 1856.
Dixon, P., 1878.
Dove, G., 1876.
Drew, F., (1864, 1875).
Duncan, Prof. P. M., 1867, 1869-70,
1877, 1884-86.
Dunn, J., 1831.
E.
Egerton, Sir P. de M. G., (1852, 1855,
1858, 1872), 1835-37, 1839, 1843,
1845, 1847, 1850, 1854, 1858, 1868-
69, 1871-73, 1876.
Enolefield, Sir Henry C., 1781, 1816.
Enkiskillen, Earl op, 1869.
esksigge, r. a., 1864.
Etheridge, Robert, (1865, 1873),
1860, 1871-72, 1875, 1877, 1879,
1881-82, 1885, 1887, 1889, 1893.
EuNSON, H. J., 1883-84, 1886.
, J., 1882.
Evans, Sir John, 1879.
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F.
Falconeb, De. Hugh, 1857, 1862,
1868.
Faret, John, 1810, 1815, 1819.
FiSCHBB, P., 1879.
FiSH£B, Rev. Obmond, (1857), 1850,
1856, 1861.
FiTTON, De. W. H. 1818, 1824, 1827-28,
1832-38, 183.'>-36.
Flewkeb, J., 1831.
FooED,A. H. 1890-91, 1895.
FOEBES, Pbop. Bdwaed, (1848-50,
1852, 1856), 1844, 1850.
Fosxbe, Db. C. liE Neve, (1867,
1875), 1881.
Feaas, De. Obcae, 1851.
Feechevtlle, R. J., 1881.
G.
Gaednbe, J. Staekib, 1886-87
Gaudbt, De. Albeet, 1853.
Gavet, G.E. 1853.
Geikib, Sib A., (1858-59, 1862), 1861.
GrBBEL, C. G., 1856.
Gill, W. H., 1885.
GoDwiK-AusTEN, R. A. C, 1850, 1856,
1873.
GooDEicaa, E,S., 1894.
Gobs, Heebekt, 1878.
Gould, C, (1864, 1875).
GowEH, R., 1843.
Gbaham, W. B., 1877.
Geateau, E., 1863.
Gbat, De. J. E. 1828.
. ,W., 1862.
Geeaveb, J. 1832
Gbben.Peop. A. H., (1863-65,1886),
1894.
, BUETON, 1886.
Geeenwell, G. C, 1859, 1894.
Geegoet, De. J. W., 1894.
Geegbon, C. S., 1863.
Geoom, T. T., 1887.
Geoom-Napibb. C. O., 1868.
Geoves, T. B., 1887.
Guise, SieW. V., 1860, 1862-65, 1867-
69, 1872-75, 1877-85, 1887.
GuNTHBK, De. a., (1872).
GuNN, Rbv. John, 1864.
H.
Habublee, De. R. 1887.
Hagen,H. a., 1849-50, 1862.
Haimb, Jules, 1851, 1854.
Habkbe, Alfebd, 1S85, 1890.
, Peof. Allen, 1884-85, 1888,
1890-91.
Haelan, Db. R., 1823.
Habeis, G.F., 1886, 1895.
, W. H., 1879.
Haeeison, W. J., 1877, 1882.
Hastings, Db. C, 1834.
Hatchbtt, C, 1798.
Hawkslbt, T., 1875.
Hawkeswoeth, E., 1891.
Hawkins, Thomas, 1834, 1840.
Hebe, Rbv.Db. O., 1864-65.
Heeman, W. D., 1871.
Hill, J., 1748.
Hinde, De. G. J., 1883-84, 1888-90,
1893.
HiNDBBWELL, T., 1798.
Hodges, L., 1886.
holdswobth, jobbfh, 1833-34.
HOLL, De. H. B., 1863.
HOLLOWAT, "W. H., (1879, 1881, 1887).
Holmes, T. V., (1888), 1881, 1889,
Home, Sib Eveeaed, 1814, 1816, 1818-
20.
hombesham, c, 1884-85.
Hopewell, E. W., 1875.
HOENEB, LeONAKD, 1816.
HoETON, W. S., 1860-61, 1864.
Howell, H.H., (1845, 1852,1854-56,
1858-60, 1863-64, 1870, 1880, 1883,
1884).
Howes, Peof. G. B., 1891.
HowSE, R. 1875.
Hudleston, W. H., 1874, 1876-82,
1885-89, 1892-95.
Hughes, Pbop. T. McK., i879, 1884.
HULKE, J. W., 1869-72, 1874, 1878-80,
1883, 1887, 1889, 1892.
Hull, Peof. E., (1852, 1855-61, 1863,
1867, 1869-70), 1857, 1860, 1862,
1865-66, 1877, 1882.
Hunt, Robebt, (1857, 1859-60,
1867), 1861, 1868.
HUNTEE, W. P , 1835-36.
Hunton, Louib, 1837.
HUTTON, W. 1831.
HuxLET, Right Hon. T. H., (1864-66,
1872), 1858-69, 1868-69.
Hyatt, Pbop. A. 1874-76, 1883.
Htett, W. H., 1867.
IbbetsOn, Capt. L. L. B., 1847-48.
J.
Jaekel, O., 1891.
James, Teevob E., (1844-45).
Jaedine, Sib William, 1858.
Jecks, C, 1869.
Jelly, Rev. H., 1833, 1839.
Johnstone, Sib J., 1843.
Jones, John, (of Gloucester)., 1858,
1863-64.
,
J., 1860.
, Peof. T. Rupbet, 1853, 1862-63,
1871, 1875, 1878. 1882, 1884-86,
1888, 1890-91, 1894.
JUDD, Prof. J. W., (1870-73, 1876,
1886), 1868, 1870-71, 1884-85.
Jukes, J. B., (1852), 1838, 1842.
Jukes-Beowhb, A. J. (1881-82, 1884-
88, 1890, 1891, 1893), 1884, 1889,
1891, 1893-94. :
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K.
Keeping, H., 1882.
, W., 1878.
Kendall, J. D., 1886, 1893.
Kennedy, L., 1867.
Kent, A. U., 1879.
KiNGDON, J., 1825.
KiBBT, W. F., 1890.
Knox, R., 1855.
KOnig, Charles, 1825.
Lamplugh, G. W., 1 888-92.
Leckenbt, John, 1855, 1859, 1864,
1873.
Lee, J. E., 1881.
Leighton, Thomas, 1891, 1894.
Lewis, Ret. J., 1728.
Lhwtd, Edward, 1693, 1698, 1699.
LlMBIRD, J.. 1787.
LiNDLET, Dr. John, 1831.
LiBTEE, Dr. Martin, 1671, 1674, 16T5,
1678, 1684, 1693. See also 1819.
LoBLEY, Prop. J. Logan, 1870-71,
1874.
LONQE, F. D., 1881.
Lonsdale, William, 1827, 1829, 1832-
33.
LoRIEux, E., 1892.
Lowe, W. B., 1872-73.
Lttcas, Joseph, 1891.
, Rev. S., 1862.
T^^ 1845.
Lucy, W. C, 1869, 1882-86, 1888-89,
1891.
Lycett, Dr. John, 1848-51, 1853,
1855, 1857, 1862, 1864, 1872, 1881.
Lydekkbr, E., 1885, 1887-91, 1893.
M.
Macalibtbr, J. H., 1861.
McCoy, Prop. F., 1848-49, 1858.
Macdakin, Capt., 1877.
Maokie, S. J., 1858, 1863.
MoMuRTRiB, James, (1875), 1883.
Mansel-Pleydbll, J. C, 1873, 1877-
79, 1881, 1885, 1888-90, 1892, 1894.
Mantell, Dr. G. A., 1833, 1846-48,
1850, 1852.
, E. N., 1848, 1850.
Marcou, JtTLEB, 1857, 1859.
Mabley, J., 1857, 1870.
Marb, J. B., 1894.
Marrat, W., 1840.
Harriott, J., 1884.
Mason, J. Wood, 1869.
Maw, George, 1868.
May, C, 1852.
Meade, Richard, 1876, 1882.
Merryweather, Dr. Gbobge, 1853.
MicHELL, Ret. John, 1760.
Miller, J. S., 1821, 1826.
Mills, H. M., 1891.
Milne-Edwabds, Pboit. H., 1843, 1851.
Mitchell, Dr. James, 1834, 1837.
, W. S., 1871.
MOBERLY, Rev. Dr., 1849.
Monckton, H. W., 1894.
MOOBE, Chables, 1852-53, 1855, 1857,
1860-61, 1863-65, 1867, 1870, 1873,
1875, 1877-82.
, C. A., 1884-85.
Morgan, Prop. C. Lloyd, 1887.
MORliRE, J., 1E80.
Morris, Prop. John, 1843, 1845-51,
1853, 1856, 1868-69, 1878, 1875,
1878.
Morton, G. H., 1864.
, Rev. John, 1712.
MuRCHisoN, Sib R. I., 1831-32, 1834-
35, 1839,
Murray, George, 1892.
, Db. p., 1828, 1855.
N.
Nathorst, a. G., 1880.
Newton, E. T., 1878, 1881, 1886, 1888,
1891.
NicHOL, W., 1834-35.
NiKITIN, S,, 1889.
Norwood, Rev. T. W., 1858.
o.
Odling, Dr. W., 1876.
Ogilby, William, 1839.
Oldham, R. D., 1875.
, T. B., 1879-80.
QppEL, Dr. a., 1856.
Oblebar, a. B., 1850-51.
OSBORN, H. P., 1888.
Owen, Edward, 1754.
, Sib Richard, 1838-44, 1846,
1854-55, 1857, 1859-62, 1866, 1871,
1878-79, 1883-84.
P.
Parker, James, 1874, 1884.
, W. K., 1871, 1875.
Parkin, C, 1882.
Parkinson, James, 1804.
Parsons, Dr. H. F., 1879.
Pattinson, j., 1864, 1870.
Paul, J. D., 1883-84.
Pavlow, a., 1889, 1892.
Pbaeoe, J. Ceaninq, 1833, 1842, 1846-
47.
Penning, W. H., (1878, 1881-82, 1886,
1888).
Peyton, J. E. H., 1873.
Phillips, Prop. John, (1845), 1828-29,
1831, 1844, 1853-55, 1857-58, 1860,
1863, 1865-66, 1870-71, 1873.
, John Arthur, 1881.
, Richard, 1824.
, William, 1818, 1822.
PiLBBOW, J„ 1884.
Plant, James, 1874, 1877, 1884.
Platnauer, H. M,, 1886, 1888, 1891,
1894.
Plait, J., 1759.1765.
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Platne, G. ¥., 1869.
Plot, Dr. E., 1677.
POLWHELE, T. R., (1859, 1863).
Poster, Dr. H., 1861, 1863.
E'ratt, C, 1861.
, S. P., 1841.
Prbstwioh. Proi'. J., 1876, 1878-80.
Prevost, Constant, 1825, 1830, 1839.
Prime, Rev. A. de la, 1700.
Prior, Dr. C. E., 1888.
Q.
QuiLTER, H. E., 1881, 1883-84, 18S6,
1889-90.
R.
Eamsat, Sir A. C, (1845-46, 1852,
1855, 1858-59, 1862, 1867), 1864,
1871.
Ransome, T., (1848).
Reade, T. Mellard, 1876.
Reeks, Trenham, (1855, 1871).
Reid, Clement, (1883, 1885, 1890-91).
Report, 1874, 1893.
Richards, J T., 1884.
Richardson, T., 1864.
RiLET, E., 1864.
Roberts, George, 1834, 1840.
, G. E., 1860, 1862.
, R. W. B., 1891.
,
TbomaS, 1887, 1889, 1892.
Robinson, C. E., 1882.
, H., 1868.
Rose, C. B., 1835, 1855, 1864.
Rbdleb, F. W., (1867, 1871, 1876,
1893, 1895).
Edtlet, Frank, 1893.
S.
S^MANN, B,, 1854.
Salter, J. "W., 1865.
Sawders, William, (1844-45), 1842,
1847, 1868.
Sadisidbrs, James, 1890.
Sahvaoe.Dr.H.E., 1878, 1880-81 1883.
ScHWABZ, E. H. L., 1894.
Scott, W. L., 1865.
ScROi"E,*G. P., 1831, 1858.
SouDDER, S. H., 1874-75, 1886, 1891.
Sedgwick, Rev. Prof. A., 1822,
1824, 1886, 1846, 1861, 1869.
Sbelet, Prof. H. G., 1861-62, 1865,
1869-71, 1874-77, 1879-80, 1888-89,
1891, 1893.
Selwtn, a. R. C, (1855, 1857).
Seward, A. C, 1895.
Sharp, Samuel, 1869-71, 1873, 1881.
Shabpb, Daniel, 1830.
Shbbboen, C. D., 1886, 1888, 1890-
92.
Simpson, Martin, 1843, 1855, 1859,
1865-66.
Skertchlt, S. B. J., (1877, 1882-83,
1886, 1891, 1893).
Sladen, W. p., 1880.
Slattbb, T. J., 1882.
Smeb, Alfred, 1838.
e 82428.
Smith, C. H., 1839-40.
T. McD., 1869.
William, 1815-17, 1819, 1832,
1839.
Smithe, Rbv. F., 1862, 1867, 1877,
1883, 189J.
Smyth, Sir W. W., (1856).
SOLLAS, Prof. W. J., 1880-83, 1885.
Solly, H. S., 1890.
SORBY, Dr. H. C, 1851-52, 1854,
1857-58, 1879-80.
SowERBY, James 1812-23.
, J. De Carle, 1825-46.
Spilleb, J., (1856.)
Stephens, J., 1762.
Stevenson, J. C, 1864.
Stoddart, W. W., 1865, 1867-68, 1871-
72, 1877, 1879.
Stokes, C, 1829.
Strachey, John, 1727.
Strahan, Adbbey (1884, 1886, 1888),
1895.
Strangsvavs, C. Fox-, (1874, 1876,
1878-87, 1890-91), 1888, 1894.
Strickland, H. E., 1834-35, 1839-40,
1842, 1844-46, 1849-50.
Struckmann, C, 1881.
Stuart, M. G., 1889.
Stukely, Dr. W., 1719.
Stutchbuby, S., 1839, 1842, 1846.
T.
Tate, Prof. Ralph, 1867, 1869-72,
1875-76.
Taunton, J. H., 1868, 1872, 1877, 1887.
Tawney, E. B., 1866, 1873-75, 1878.
Taylor, H., 1855.
, W., 1866.
Thiessing, J. B., 1891.
Thompson, Bebby, 1880, 1884, 1887,
1889-92, 1894-95.
Thomson, J. G., 1844.
Thornb! J., 1869.
Thorp, Rev. W., 1841, 1856.
Tomes, R. F. 1864, 1878-79, 1882-86,
1888-89, 1893.
ToPLEY, William, (1867, 1875), 1868,
1873-74, 1876, 1882.
TowNSEND, Rev. Joseph, 1813.
Traquaib, Dr. R. H., 1887.
Travis, Dr. W., 1798.
Trench, Richard, (1859-60).
Tribolet, M. de, 1876.
Triger, — , 1856.
Trimmer, Joshua, 1853.
Tute, Rev. J. S., 1871.
U.
UssHER, W. A. E., (1873, 1875,
1886-88, 1890).
V.
Valenciennes, Prop. A., 1888.
Veitch, W. Y., 1886.
Vernon, Rev. W., 1826, 1829.
Vine, G. R., 1880-81, 1883-84, 1887.
D D
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W.
Waagen, De. W., 1865.
Walcott, John, 1779.
Walfobd, E. a,, 1878, 1882-83, 1885,
1887, 1889, 1894-95.
Waibee, J. F., 1869-70, 1875-78, 1888,
1890, 1892-93.
Wai-lis, A. M., 1891.
Waltee, R., 1854.
Walton, John, 1847.
Ward, L. F., 1884.
WAEEraoTOir, R., 1866.
Watson, J., 1861.
Watts, J. K., 1853.
Weavek, Thomas, 1824.
Webster, Thomas, 1826.
Westos, C. H., 1848-49, 1852.
WnSTwooD, Peop. J. 0., 1841, 1854.
Wethkked, Edward B., 1886, 1888-91,
1895.
Whidisorne, Rev. G. F., 1883.
Wmitakeu, William, (1859, 1861,
1863, 186.5, 1869, 1875-89, 1891, 1893),
1878, 1886, 1889-90, 1893.
Whiteaves, J. F., 1861
WicKES, W. H., 1893.
WiLLBTT, E. W., 1881.
, H., 1878, 1889.
Williams, D. H., (1845, 1848).
Williamson, Peof. W. C, 1836-37,
1841, 1849, 1855, 1870, 1883.
Wills, H., 1871.
Wilson, Edward, 1879, 1885-87,
1889-93.
, Dk. G., 1861.
, Rev. J. M., 1868-69, 1872, 1875.
Wilton, Rev. C. P., 1826, 1830.
Winch, N. J., 1821-22.
Winklee, Dr. T. C, 1873, 1876.
Winter, R., 1810.
WiNwooD, Rev. H. H., 1872, 1874-76,
1878-79, 1888, 1891-93, 1895.
Witohell, Edwin, 1862, 1867, 1868,
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X.—PUBLICATIONS OP THE GEOIOGICAL SURVEY, AND OP THE
MUSEUM OF PRACTICAL GEOLOGY.
Maps.—Scale, 1 inch to a mile.
Sheet 5.
—
[Purbeck Beds, at Battle, near Hastings, by F. Drew, and C. Gould.]
1864.
Sheet 13.
—
[Combrash to Purbeck : Eatingdon, Bampton, Abingdon, Oxford,
ana Thame, by E. Hull.] 1860.
Sheet 14.
—
[Great Oolite to, Purbeck Beds : Trowbridge, Weutbury, and
Melksham, by W. T. Aveline and H. W. Bkistow.] 1857. '
Sheet 1.5.— [Corallian to Purbeck Beds : Tisbury, Vale of Wardour, by II. W.
Bbistow.] 1850.
Sheet 16.
—
[Kimeridge Clay to Purbeck Beds: Swanage, St. Aldbehns Head,
Kimeridge, and Mewps Bay, by H. W. Bristow.] 185S.
"
Sheet 17.
—
[Lower Lia$ to Purbeck Beds : Charmouth, Bridport, Burton Brad-
stock, Weymouth, Portland, and Lulworth Cove, by H. W. Bristow.] 1850.
Sheet 18.
—
[Lower Lias to Kimeridge Clay : Langport, Somerton, Wlncanton,
Stalbridge, South Petherton, Yeovil, Sherborne, Sturminster Newton, Crewkerne and
Beaminster, by H. W. Bsistow.] 1850,
.
—New edition. [Lias, &c, by H. W. Bristow, H. B. Woodward, and
W. A. E. Ussher.] 1875. " '
Sheet 19.
—
[Lower Lias to Kimeridge Clay: Bath, Dundry, Bradford-on-Avon,
Frome, Bruton, Shepton Mallet, Glastonbury, Castle Gary, by H. T. De la Bkohe,
J. Phillips, D. H. Williams,. A. C. Ramsay, H. W. Bristow, W. T. Aveline,
and T. E. James.] 1845.
.
—New edition. [By II., W. Bristow, H. B. Woodward, W. A. E,
Ussher and J. H. Blaite]. 1873.
Sheet 20.— [Lower Lias, &c. : Watchet, Puriton, Brent Knoll, Uphill, Lavernock,
Aberthaw, by H. T. De, la Beche.] Before 1839.
Sheet 21.
—
[Lower Lias, &o. : Ilminster, Axminster, by H. T. De la Beohe.]
Before 1839.
Sheet 22.— [Lower Lias : Axmouth to Lyme Regis, by H. T. De la Beche.J
Before 1839.
Sheet 34.^[Lower Lias to Purbeck Beds : CalhCj Chippenham, Corsham,
Swindon, Highworth, Cricklade, Malmesbury, Tetbury, Cirencester, Fairford, Stroud,
Michinhampton, by W.T. Aveline and; E.Hull.] 1857.
Sheet 35.
—
[Lower Lias to Forest Marble : Marshfield, Chipping Sodbury,
Wotton Underedge, Dursley, Erocester, Purton Pass^e, Patchway, and Gold Cliff,
by D. H. Williams^ John Phillips, A. C. Ramsay, H. W. Bristov^, and
William Sanders.] 1845.
.—New edition. [By H. W. Bkistow.] 1865. ^
Sheet 36.
—
[Lower Lias : Lliswerry near Newport, Peuarth, Cowbridge, Bridgend,
Sutton, and Southerndown,' by H. T- De la Beohe,, and others.] Before 1845.
.
—New edition. [By H. W. Bristow, and H. B. WoodwXrd.] 1873.
Sheet 43 N.E.— [Lower Lias : near Hasfield and Berrow, by H. H. Howell.]
1855.
Sheet 43 S.E.
—
[Lower Lias to Inferior Oolite : Gloucester, Haresfield, and
Westbury-on-Severn, by A. C. Ramsay and H. H. Howell.] 1845 and 1855.
Sheet 44.
—
[Lower Lias to Combrash : Cheltenham, Tewkesbury, Winehcomb,
Evesham, Chipping Campden, Shipston-on-Stour, Moreton-in-the-Marsh, Stow-on-
the-Wold, and Burford, by E. Hull and H. H. Howell.] 1856.
Sheet 45 N.W.— [Lower Lias to Forest Marble: Chipping Norton, Deddiugton,
.
and Banbury, by H. Bauerman and T. R. Polwhblb.] 1859.
.
—New edition. [Revision (colour only) of Northampton Sand, by J, W.
JUDD.] 1871.
Sheet 45 N.E.
—
[Lower Lias to Oxford Clay ; Braokley and Buckinghatn, by T.
R. Polwhele and A. H. Green.] 1863.
.
—New edition. [Revision of Northampton Sand, by J. W. JudD.I
1871. 'I
'''
Sheet 45 S.W.
—
[Lower Lias to Corallian ; Witney, Stonesfield, and 'tVoodstock,
by E.Hull.] 1859. '
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Sheet 45 S.E.—[Great Oolite to Purbeok Beds : Bicester, BriU, and Quainton, by
E. Hull, H. Badeeman, W. Whitakek, and T. E. Polwhele.] 1863.
Sheet 46 S.W.— [Oxford Clay to Purheck Beds : Aylesbury and "Whitchurch, by
E. Hull, H. Baueeman, W. Whitakee, and A. H. Geeen.] 1865.
Sheet 46 N.E.—[Oxford Clay : near Ampthill, by W. Whitaker.] 1869.
Sheet 46 N.W.
—
[Upper Lias to Oxford Clay : Winslow, Stony Stratford, Fenny
Stratford, Newport Pagnell, by A. H. Geeen and J. K. Daktns.] 1864.
Sheet 51 N.B.—[Kimeridge Clay : West of Mildenhall Eoad Station, by S. B. J.
Skeetchlt.] 1883.
Sheet 51 N.W.— [Oxford Clay to Kimeridge Clay: St. Ives, Ely, and Upware
by H. B. WoODWAED, W. H. Penning, S. B. .J. Skbktohly, and A. J. Jukes-
Browne.] 1882.
Sheet 51 S.W.
—
[Oxford and Kimeridge Clays : Elsworth and Boxworth, by W.
H. Penning and A. J. Jdkes-Beowne.] 1881.
Sheet 52 N.E.
—
[Great Oolite to Corallian : Kimbolton and Huntingdon, by H.
H. Howell.] 1864.
Sheet 52 N.W.
—
[Upper Lias Clay to Oxford Clay : Wellingborough, Kettering,
Eothwell, Thrapston, and Higham Ferrers, by H. H. Howell.] 1864.
.
—New edition. [Additional Lines and Revisions, by J. W. Judd.] 1870
Sheet 52 S.W.
—
[Upper Lias to Oxford Clay : Northampton, Olney, and
Harrold, by H. H. Howell.] 1863.
.
—New edition. [Revisions at Northampton, by J. W. Judd.] 1871.
Sheet 52 S.E.—[Great Oolite to Kimeridge Clay ; Bedford land St. Neots, by H.
H. Howell.] 1864.
Sheet 53 N.E.
—
[Lower Lias to Great Oolite : Braunston, Kilsby, East and West
Haddon, by W. T. Avbline and H. H. Howell.] 1859.
.
—New edition. [Revision of Oolites, by J. W. Judd.] 1870.
Sheet 53 S.E.
—
[Lower Lias to Forest Marble : Towcester, Daventry, by W. T.
AvELiNE and E. Tuench.] 1859.
.
—New edition. [Revision of Northampton Sand, by J. W. Judd.] 1870.
Sheet 53 S.W.— [Lower and Middle Lias and Northampton Sand : Kineton,
Homton, Edge Hill, Chipping Warden, Fenny Compton and Southam, by H. H.
Howell.] 1856.
.
—New edition. [Revision of Northampton Sand, by J. W. Judd.] 1870.
Sheet 53 N.W.
—
[Lower Lias : Stockton, Church Lawford and Rugby, by H. H.
Howell.] 1855.
Sheet 54 N.W.- [Lower Lias : near Hanbury, by A. C. Ramsat, J. B. Jukes,
H. H. Howell, and E. Hull.] 1852.
Sheet 54 N.E.— [Lower Lias : Near Wotton Wawen and Knowle, by H. H.
Howell.] 1855.
Sheet 54 S.W.
—
[Lower Lias : Pershore, Crowle and Himbleton, by H. H.
HOVITBLL.] 1854. •
Sheet 54 S.E.
—
[Lower and Middle Lias : Cleeve Prior, Temple Grafton,
Wilmcote, Stratford-upon-Avon, &c., by H. H. Howell.J 1854.
Sheet 63 N.E.
—
[Lower and Middle Lias: near Leicester, Barrow-on -Soar, and
Loseby, by H. H. Howell.] 1855.
.
—New edition. [Additional lines (Middle Lias), by J. W. Judd.] 1873.
Sheet 63 S.W.—[Lower Lia.' : near Willy, by H. H. Howell.] 1855.
Sheet 63 S.E.
—
[Lower, Middle, and Upper Lias : Lutterworth, Market Har-
borough and Wigston Magna, by W. T. Aveline and H. H. Howell.] 1859.
Sheet 64.
—
[Lower Lias to Oxford Clay : Melton Mowbray, Oakham, Uppingham,
Stamford, Peterborough, Oundle, Rockingham, Whittlesea and Ramsey, by J. W.
Judd.] 1872.
Sheet 65.
—
[Oxford and Kimeridge Clays : March, Dowuham Market, King's
Lynn, by W. Whitakee and S. B. J. Skeetohlt.] 1886.
Sheet 70.
—
[Lower Lias to Kimeridge Clay : Vale of Belvoir, Grantham, Corby,
Sleaford, Ancaster, by J. W. Judd, W. H. Hollowat, W. H. Penning, W. H.
Dalton, and A. J. Jukes-Bkowne.] 1886.
Sheet 71 S.E.— [Lower and Middle Lias : Wimeswold, Old Dalby and Owthorpe,
by B. Hull.] 1 855.
.
—New edition. [By W. T. Aveline.] 1879,
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Sheet 73 H'.B.
—
[Lower Lias : Adderley, near Audlem, by A. R. Sbl-wtn.]
Sheet 73 S.W.
—
[Lower and Middle Lias : Frees, by A. R. Sblwtn and E.
Hotl.] 1855.
Sheet 73 NW.
—
[Lower Lias ; Barley Dam and Ightfleld, by A. R. Selwyn and
E. Hull.] 1855.
Sheet 73 S.E.
—
[Lower Lias : near Moreton Say, by A. R. Sblwyn and E.
Hull.] 1855.
Sheet 83.
—
[Lower Lias to Kimeridge Clay : Lincoln, Gainsborough, Homcastle
and Market Rasen, by W. H. Penning, W. H. Dalton, A. C. G. Camekon,
W. A. E. UssHEE, A. J. Jukes-Bkowne, and A. Stkahan.] 1886.
Sheet 84.
—
[Kimeridge Clay : Spilsby, by A. J. Jukes-Browne and A. Stbahan.]
1884.
Sheet 86.—Lower Lias to Kimeridge Clay : Kirton-in-Lindsey, Glamford Briggs
(Brigg), Whitton, Cave, and Brough-on-the-Humber, by C. Eox-Stbangwats and
W. A. E. TJssHEK.] 1887.
Sheet 93 N.E. (N.S. 63).—[Lower Lias to Kimeridge Clay : Castle Howard, North
Grimston, and Kirkby Underdale, by C. Fox-Steangways.] 1882.
Sheet 93 N.W. (N.S. 62).—[Lias : Easingwold, by W. T. Aveline, J. R. Dakyns
and C. Eox-Stbangways.] 1874.
Sheet 93, S.E. (N.S. 71).—[Lower Lias : Pocklington, by C. Fox-Stkangways
and A. C. G. Cambeon.] 1885.
Sheet 94 N.W. (N.S. 64).— [Lower Calc. Grit to Kimeridge Clay: North
Grimston and Wharram, by J. R. Dakyns and C. Fox-Strangways.] 1884.
Sheet 94 S.W. (N.S. 72).— [Lower Lias to Kimeridge Clay: Londesborough,
Market Weighton, and Cave, by J. R. Dakyns and C. Fox-Steangways.] 1884.
Sheet 95 N.W. (N.S. 44).
—
[Lower Lias to Upper Calc. Grit: Hackness, Coast
between Whitby and Scarborough, by C. Fox-StrangwaYS and G. Barrow.]
1881.
Sheet, 95 S.W. (N.S. 54).—Lower Oolites to Kimeridge Clay : Scarborough,
Filey and Eastern portion of Vale of Pickering, by C. Fox-Steangwayb.] 1 88 1
.
Sheet 95 S.E. (N.S. 55).
—
[Kimeridge Clay and Portlandian Beds : Speeton, by
C. Fox-Strangways.] 1881.
Sheet, 96 S.W. (N.S. 52).
—
[Lower Lias to Kimeridge Clay : Thirsk, Hambleton
HiUs, and Coxwold, by H. H. Howell, C. Fox-Strangways, A. C. G. Cameeon
and G. Bareow.] 1884.
Sheet 96 N.E. (N.S. 43).—[Lower Lias to Middle Calc. Grit : Egton, Rosedale,
and Helmsley Moors, by C. Fox-Steangways, C. Reid, and G. Bakeow.] 1883.
Sheet 96 N.W. (N.S. 42).— [Lower Lias to Lower Limestone: Stokesley,
Northallerton, and Hambleton Hills, by H. H. Howell, C. Fox-Steangways,
A. C. G. Cameeon and G. Baeeow.] 1883.
Sheet 96 S.E. (N.S. 53).
—
[Lower Lias to Kimeridge Clay : Malton, Pickering,
Helmsley, &c., by C. Fox-Strangways.] 1882.
Sheet 103 S.E. (N.S. 33).— [Lias and Lower Oolite : Eston, by H. H. Howeli»
A. C. G. Cameron, and G. Barrow.] 1880.
.—New edition. 1 889.
Sheet 104 S.E. (N.S. 35).
—
[Lias and Lower Oolites : Whitby, by G. Baeeow.]
1880.
Sheet 104 S.W. (N.S. 34.)—Lower Lias to Kellaways Rock : Guisborough, Coast
from Redcar to Runswiek Bay, by G. Barrow.] 1880.
Sheet 107 S.E.—[Lower Lias : West of Carlisle, by T. V. Holmes.] 1888.
Maps.—Scale, 6 inches to a mile.
Yorkshire.
Sheet 7.
—
[Lower and Middle Lias : Coast-line adjoining Redcar, by G. Baeeow.]
1881
Sheet 8.— [Lias and Lower Oolite : Saltbum, by G. Barrow.] 1888.
Sheet 9.
—
[Lias and Lower Oolite : Coast»Une adjoining Staithe8,.by G. Bareow.]
1878.
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Sheet 17.—[Lias and Lower Oolite ; Guisborough, by G. Barrow.] i888.
Sheet 20.— [Lias and Lower Oolite: Coast line near Lythe, by G. Barrow.]
1879. , -_, • , '
Sheet 32.— [Lias and Lower Oolite : Whitby, by G. Baerow.] 1880.
Sheet 33.~[Lias and Lower Oolite : Coast north of Kobin Hood's Bay, by
G. Barrows.] 1^78.
Sheet 46.— [Liw to Kellaways Rock: District west of Robin Hood's Bay, by
G. Barkow.] 1879.
Sheet 47,— [Lias and Lower Oolite : Robin Hood's Bay, by G. Barrow.] 1879.
Sheet 62.— [Lower Oolite to Lower Calc. Grit: Cloughton and Harwood-dale
Moor, by C. Fox-Strangwa-bs.] 1879.
Sheet 77.—[Lower Oolite to Upper Calc. Grit : Hackness, by C. Pox-
Strangways.] 1878.
Sheet 78.
—
[Upper Est. Series to Lower Limestone : Scarborough, by 0. 1'ox
Strangwats.] 1878.
Sheet 93.
—
[Lower Oolite to Kimeridge Clay : Brompton and Seamer, by C. Fox-
Stbangways.] 1879.
Sheet 94.
—
[Lower Oolite to Kimeridge Clay : Coast between Scarborough and
Kley, by C. Fox-Stranoways.] 1879.
MS. Copies of other Six-maps of Yorkshire, and of parts of the Midland Counties,
Dorsetshirs, &c. are deposited for reference in the Geological Survey Office, London.
Horizontal Sections—Scale, 6 inches to a mile.
Sheet 11.—Section near the Bendiok Rook, near Barry Island, Glamorgan, to AUt
Llwyd, Bregknook, by Sir H. T. De la Beche and D. H. Williams. 1848.
Sheet 12.—From the Ebwy River, near Cefn Crib, Monmouth, across the Forest
of Dean, to Garden Cliff, Gloucester, by D. H. Williams. [N.D.]
Sheet 13. No. 3.—Section through Keys End Hill and Berrow Hill, by John
Phillips. [N.D.]
Sheet 14. No. 1.- Section from Pyrton Passage through Cam Long Down and
Uley Bury to Kingscote Park, Gloucestershire, by H. W. Bbistow.
No. 2.—From jthe Great Western Railroad near Saltford Station, over
Round HiU, Charmy Down, &c., in the direction ofthe Box Valley, near Slaughterford,
by A. C. Ramsay.
No. 3.—Section from Dodington Park, by Wapley and Winterbourn, -to the
Severn Flats near Chitteuing Wharf, by H. W. Bristow and D. H. Williams. 1845.
.
—New edition. 1867.
Sheet 15. No. 1.—Section from Ridge Barn Hill near Castle Gary, Somerset-
shire, to Jay Hill, near Bitton, Gloucestershire, by Sir H. T. De la Beohe, A. C.
Ramsay, and D. H. Williams. 1845.
.
—^New edition (by H. W. Bristow). 1871. (Continuation to Wincanton,
&c. in Sheet 22.)
Sheet 16.—Section from Mere, Wiltshire, to Vobster, Somerset, by H. T. De la
Beche and D. H. Williams. 1845.
—New edition (by H. W. Bristow). 1871.
Sheet 17.—Section from Glastonbury Tor across the Mendip Hills, and by Dundry
Hill, Clifton, Bristol, and Blaize Castle, to the Severn Flats near Cqmpton Green-
field, by H. T. De la Beche, Trevor E. James,W. Talbot Aveline, and William
Sanders. 1844.
New edition (by H. W. Bristow). 1871.
Sheet 19.—Section from the Hill east of Honiton Church, to the Tertiary Strata
east of Dorchester, by H. W. Bristow. 1851.
—New edition. 1866.
Sheet 20.—Section from the Bill of Portland, Dorsetshire, to Ridge Barn Hill, near
Castle Gary, Somersetshire, by H. W. Bristow. 1 852. (Continuation in Sheet 22.)
Sheet 21.—Section from the River Brue, South of Glastonbury Tor, Somerset, to
the Sea at Golden Cap, Dorsetshire, by H. W. Bristow. 1852.
.—New edition. 1873. i -
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Sheet 22.—No. 1. Section from Cadbury Castle to the uorth-east ; No. 2. Section
from the Coast, east of Lulworth Cove, Dorsetshire, to Cadhury Castle, Somerset-
shire, hy H. W. Bkistow. 1855.
Sheet 41.—Section from south-west to uorth-east across Lower Lias (Shavington
Park), &c., by E. Hull. 1857. [With Explanation by E. HuLLand A. H. Gkebn.
1864.]
Sheet 46.—No. 2. Section from Nailstone Church, through Bagworth Colliery
. . . to the Lias Limestone quarries near Barrow-on-Soar, by H. H, Howei-l.
1858. [With Explanations. 1859.]
Sheet 48.—From Lazy Hill . . . near Stanford Hall, to Wysall, by H. H.
Howell. 1858. [With Explanation, 1859].
Sheet 51.—Sectioa through the [Lower Lias,] New Red Sandstone, &c. and the
Warwickshire Coal-field, by H. H, Howell. 1858. [With Explanation, 1859].
Sheet 56.—No. 1. Section from the Sea at Broad Bench, to Worgret Heath,
near Wareham, Dorsetshire ; No. 2. Section from the Sea at St. Alban's Head, to
Eussel Quay in Wareham Bay; So. 3. Erom the Sea at Tilly Whim, across
Branksea Island, to Poole Harbour ; No. 4. From the Sea, east of Lulworth Cove,
to Bindon Hill ; by H. W. Bkistow. 1859.
Sheet 59.—From Marlborough Downs, Wiltshire, on the south, to the Kiver
Avon, Worcestershire, on the north ; crossing the Cretaceous, Oolitic, and Liassic
formations of Barbnry HiU, Swindon Hill, the Cotteswold Hills, and the outlier of
Bredon Cloud, by E. Hull. 1860. [With Explanation, 1861.]
Sheets 71 and 72.—No. 1. From Nettlebed Hill, Oxfordshire, on the south to
the Burton Dassett Hills, Worcestershire, on the north ; by Cuddesden, and Shot-
over Hill, Oxford, Islip, Kirtlington, Deddington, Crouch HiU, near Banbury, and
Warmington: showing Tertiary, Cretaceous, Oolitic, and Liassic formations,
including the Middle Lias Ironstone. No. 2. Drawn from Lambourn Downs,
Berkshire, on the south, to Parsonage Farm near Kencott, Gloucestershire, on the
north ; through Woolstone, Longcott, and Great Coxwell, near Faringdon
;
showing Cretaceous and Oolitic formations. By E. Hull. 1867. [With Explanation,
1869.]
Sheet 78.—Section from the Chalk of the South Downs at Beachy Head, Sussex ;
to the Chalk of the north Downs near Boxley, north-east of Maidstone, by H. \Y.
Beistow, C. Le Neve Foster, W. Topi-et, and W. Botd Dawkins. 1867.
(Pnrbeck Beds near Battle.)
Sheet 81.—From White Hill, hear Kingsclere, in Hampshire, to Pinsley Wood,
near Handborough, in Oxfordshire, by H. W. Bkistow and E. Hull. 1870.
Sheet 82 From Handborough, in Oxfordshire, to Milverton near Warwick, by
H. H. Howell and E. Hull. 1870.
Sheet 103.—Section across the northern part of the Somersetshire Coal-field,
from Broadfield Down, by Chew Magna, Stanton Wick, Pensford, Marksbury, and
Newton St. Loe, to Tiverton near Bath, by John Anstie and H. B. Woodwaed.
1874.
Sheet 104.—Section across the Somersetshire Coal-field from Chewton Mendip
by Farringtou Gumey, Paulton, Camerton, and Dnnkf^rton, to Combe Down, near
Bath, by John Anstie, J. McMurtkie, and H. B. Woodward. 1875.
Sheet 105.—Section across the southern part of the Somersetshire Coal-field from
the Mendip HUls, near Binegar, by Sfratton-on-the-Fosse, Midsummer Norton,
Badstock, Clandown, Braysdown, and Foxcote, to Norton St. Philip, by John
Anstie and H. B. Woodward. 1875.
Sheet 107.—Section from Portskewet, in Monmouthshire, across theEiver Severn
at New Passage, by Stoke GifEard, in Gloucestershire, across the Bristol Coal-field
through Westerleigh, to Wapley, by John Anstie and H. B. Woodwakd. 1875.
Sheet 111.—Section across the Bristol Coal-field and the north part of the
Somersetshire Coal-field, from CromhaU at the north, through Iron Acton to
Mangotsfield, through Warmley to WiUsbridge at the son^ of the Bristol Coal-field,
thence to Keynsham and Compton Dando, in Somersetshire, by John Anstie and
H. B. Woodward. 1875.
Sheet 112.—Section across the Somersetshire Coal-field, from Houndstreet on the
North, through Farmborough, Timsbmy, Clandown, Radstock, Kilmersdon, and
Mells, crossing the east end of the Mendip Hills at Whatley, to Long Knoll
near Maiden Bradley, by Johh Anstie and H. B. Woodward. 1875.
Sheet 121.—Section across the Chalk of Hertfordshire, from 3 miles eastward of
Ware, by Baldock, across the Grault and Lower Greensand of Bedfordshire, to
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Everton, and across the Oxford Clay lo a point 4 miles N.W. of Kimbolton, hy
W. H. Pennino. 1878.
Sheet 122.
—Section from the Three Shire Stone 4 miles N.W. of Kimbolton
(Hunts), through Thrapston, Eookingham Forest (Northamptonshire), Uppingham
(Rutland), and across Burrow Hill to the Eivor Eye, west of Melton Mowbray
(Leicestershire), by William H. Hollowat. 1879.
Sheet 124.
—Section from Budden Wood, across Mount Sorrel, Burrow Hill
(Leicestershire) The Vale of Catmos, through Oakham and Ketton (Rutland), to
the Fenland at Peterborough (Northamptonshire), by W. H. Hollowat. 1887.
Sheet 125.
—Section north-north-westwara from the Chalk (S. of Dunstable),
across the Gault, the Lower Greensand (S. and W. of Woburn) and the Oxford
Clay to just E. of Newport Pagnell, and thence northward across the Lower
Oolites, and the Lias, to beyond Mears Ashby, by W. Whitakee and W. H.
Hollowat. 1881.
Sheet 130.—Erom the Lower Lias at Staithes, through the Lias and Oolites of
Whitby, Robin Hood's Bay, the Oolites of Hackness and llatton Bushel ; and
across the Vale of Pickering, to the Chalk of Willerby Wold, by C. Eox-
Strangways and G. Bakrow, 1883. [With Explanation, 1891.]
Sheet 131.—Erom the Yorkshire coast at Redcar, across the Ironstone Measures
of tJpleatham, and the Lower Oolites of Skelton, Stanghow and Danby, with the
outliers of Kellaways Rock at Ereeborough Hill and Danbj' Beacon ; thence across
the valley of the Esk, and the Lower Oolites of Egton, and Pickering Moors, to the
Middle Oolites of Levisham, Kingthorpe and Thornton Dale, and across' the Vale of
Pickering, to the Chalk at Knapton, by C. Eox-Stkangwats, C. Eeid, and
G. Babeow. 1883. [With Explanation, 1891.]
Sheet 132.—Erom the estuary of the Tees at Middlesborough, across the Ironstone
Measures and Lower Oolites of Eston, Roseberry Topping, and Easby Moor, the
Lias of Ingleby Greenhow, the Oolites of Helmsley and Eievaulx Moors, and the
Howardian HiUs, to the Lias of Brandsby and Stillington, by C. Eox-Stbangways
and G. Barrow, 1883. [With Explanation, 1891.]
Sheet 133 —Erom the Coal Measures and Magnesian Limestone of Eerryhill,
across the Trias north of Darlington and the vallej' of the Tees, to the Lias and
Lower Oolite of Whorlton and Osmotherley Moors ; thence across the Middle
Oolites of Black Hambleton, the Lower Oolite and Lias of Boltby, Hood Hill,
Kilburn, Ooxwold and Husthwaite, to the Lias and Trias of Easingwold, by H. H.
Howell, C. Fox-Steanqwats, and G. Barkow. 1884. [With Bxplaiiation,
1891.]
Sheet 134.—From the Cod Beck east of Northallerton, across the Lias and Lower
Oolite of Over Silton, the Middle Oolite of Black Hambleton, and the Lower Oolite
and Lias of Snilesworth Moor, Bilsdale, Bransdale, Earndale and Rosedale ; thence
across Egton High Moor, the Murk Esk, Sleights Moor, and Sneaton, to the Coast at
Hawsker Bottoms south of Whitby, by C. Fox-Strangwats, C. Reid and
G.Barrow. 1883. [With Explanation, 1891.]
Sheet 135.—^From the Lower Lias of Upsall near Kirkby Knowle, across the
Lower Oolite of Boltby Moor, the Middle Oolite of the Hambleton Hills and the
outliers near Hawnby ; thence along the edge of the Tabular escarpment by
Cropton, Saltersgate, Hackness and Seamer Moor, to the Lower Oolite of Gristhorpe
Bay, by C. Eox-Stkangwats and G. Bakkow. 1884. [With Explanation,
1891.]
Sheet 136.—Erom the Lias below Whitestone Gliff, across the Oolites of the
Hambleton Hills, Helmsley, Kirkby Moorside, Pickering, Allerston, Brompton and
Ayton to the Coast at Scarborough ; illustrating the general structure of the Middle
Oolites on the north side of the Vale of Pickering, by C. Fox-Strangwats. 1884.
[With Explanation, 1891.]
Sheet 137.—From near Knaresborough, across the Trias of the Vale of York, the
Lias and Oolite of Crayke and the Howardian Hills, the Oolite of the Vale of
Pickering, Kirkby Moorside, Lastingham, Pickering and Eylingdale Moors, to the
Lias of Robin Hood's Bay, by C. Fox-Sirangwats and G. Barrow. 1884.
[With Explanation, 1891.]
Sheet 138.—Section A.—From Hovingham Spa, across Terrington and Stittenham
to Flaxton ; Section B.—From Slingsby across Castle Howard Park to Barton-le-
Willowsj Section C—From Amotherby and Swinton across Hildenley, Hultons-
Ambo, and Westow to Leppington; Section D.—From Wintringham, along the edge
of the Wolds by Settrington, North Grimston, and Birdsall, to Water Dale and
Kirkby TJnderdale ; by C. Fox-Strangwats. 1884. [With Explanation, 1891.]
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Sheet 1 39.—Along the western escarpment of the Wolds ; illustrating the over-
lap of the Cretaceous Bocks ; from the Oolites of Malton, Langton, Burythorpe,
Leavening, Acklam and Kirby Underdale, across the Lias and Keuper Marl of
Bishop Wilton, Kildwick Percy, Londesborongh and Market Weighton, to the
Oolites of Sancton, Newbald, South Cave and Brough-on-the-Humber, by C. Fox-
Stbangwats. 1884. [Witli Explanation, 1891.]
Sheet 140.
—Section from Bishopstone near Hartwell, through the Oolites and
Lias of Bucks and Northamptonshire (near Buckingham and Daventry), and
through the Lias and New Ked Mai'l of Warwickshire, from Eugby to near Wibtoft
(5 miles S.S.E. of Hinckley), by Prof. A. H. Gueen, H. B. Woodward, and
W. H. Penning. 1886. [With Explanation, by H. B. Woodward, 1891.]
Vertical Sections.
Sheet 22.—Comparative Sections of the Purbeck Strata of Dorset : 1. Durlston
Bay ; 2. Worbarrow Bay ; 3. Mewps Bay ; 4. Ridgway Hill, railway cutting ; by
H. W. Bristow and the Kev. O. Fisher. 1857.
Vertical Section of the Purbeck Strata of Lulworth Cove, Dorsetshire, by
H. W. Bristow and W. Whitaker. 1859. (On Horizontal Sections, Sheet 56 )
Sheet 46.—Vertical Sections of the Lower Lias and Rhsetic or Penarth Beds of
Somerset and Gloucester-shires, (Puriton, Horfield, Uphill, Upper Knowle, Whit-
church (Somerset), Aust Cliff, Westbury Cliff, Patchway, Saltford, Weston near
Bath, Paulton, Wells (Somerset), Shepton Mallet, and Glutton), by H. W. Bristow,
R. Etheridge, and H. B. Woodward. 1873.
Sheet 47.—Vertical Sections of the Lower Lias and Rhsetic or Penarth Beds of
Glamorgan, Somerset, and Gloucester shires, (Penarth, Street (Somerset), Laver-
nock, Penarth Roads, Curry Rivell, St. Audries' Slip, Combe Hill (Gloucestershire),
and "Watchet), by H. W. Bristow and R. Etheridge. 1873.
Sheet 48.—Somersetshire and Gloucestershire Coal-fields. (Braysdown Pit, Upper
Writhlington Pit, Tyning Pit, Wellsway Pit—Lias and Inferior Oolite), by Joiix
Anstie. 1873.
Sheet 49.—Somersetshire and Gloucestershire Coal-fields. (Norton Hill Pit, and
Farmborough Pit—Lias), by John Anstie. 1873.
Sheet 50.— Somersetshire, and Gloucestershire Coal-fields. (New Mells Pit
—
Lias and Inferior Oolite), by John Anstie. 1873.
Sheet 51.—Somersetshire and Gloucestershire Coal-fields. General Vertical
Section near Keynsham (Queen Charlton—Lias), by John Anstie. 1873.
Sheet 52.—Somersetshire and Gloucestershire Coal-fields. (General Vertical
Section near Clandown—Lias and Inferior Oolite), by John Anstie. 1873.
Sheet 67.—Oolites of the Yorkshire Coast, from Filey to Cloughton, by C. Fox-
Stbangwats. 1876.
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N.B.—Names of Persons (authors, observers, and informants) are in small capitals.
Names of Fossils of which there are figures, or to which special reference is made,
are fn italics.
A.
Abingdon, 119, 217, 332, 340, 341
;
Corallian of, 123-125 ; Kimeridge Clay
of, 166, 167.
Abbotsbury, 19, 30, 92-94, 162, 306.
Iron-ore, 82, 95, 323, 325.
Abbots Ripton, 56, 328.
Acre House Mine, 177, 294, 319, 328.
Afflington, 253, 316.
Agriculture, 296, 304.
Aish, 200, 266, 318.
Akeley, 46, 47.
Alabaster. See Gypsum.
^
Alaria trifida, 1 1 (fig.)
Alconbury Hill, 56, 305.
Alford, 289, 294, 339.
Alum, 160, 322.
Ambrosden, 45.
f
Ammonites, Horizons of, 288 ; List of,
359 ; List of sub-generic names of,
359 ; Zonal species of, 350. See also
under Zones.
Ammonitee altet-nans, 152, 155 (fig.),
157.
Bakericd, 9, 11 (fig.), 50, 54, 55.
biarmatus, 9, 73.
biplex, 152, 154, 156 (fig.).
boloniensis, 182, 199.
calloviensis, 8, 11 (fig.)-
catena, 75, 125.
cordatus, 8, 13 (fig.), 75.
cordatus Tar. excavatus, 157.
crenatus, 12 (fig.).
Duncajii, 12 (fig.).
eudoxus, ISn (fig-)-
giganteus, 182, 183 (fig.), 199,
giga^, 182, 235.
gravesianus, 287, 288 (fig-).
gravesifminis, 288.
Ja^, 8, 12 (fig.).
Kcenigi, 11 (fig.)-
Lamberti, 8, 9, 12 (fig.).
—— macrocephcdus, 8, 10 (fig.).
modiolaris, II (fig-) •
. lautabilis, 152.
ornatiis, 8, 9.
perarmatus, 71, 73, 74, 75, 78
.
(fig-)-
plicatilis, 9, 71- 73, 78 (fig.).
serratus, 157.
Ammonites transitorius, 236.
vertebralis, 9.
Ampthill, 46, 135, 169, 286, 328.
Clay, 134-139, 147, 323.
Analyses of Building Stones, 313.
of Coprolites, 322.
of Iron-ores, 324-326.
of Kellaways Dogger, 34.
of Kimeridge Clay, 323, 329, 330.
of Oxford Clay, 322.
of Septaria, 320.
of Soils, 305, 306.
of Springs, 340, 341.
Anceps-bett, 9.
Ancholme Valley, 66.
Andkews, Rev. W. E., 203, 208, 230,
264, 267-273, 275.
Anger's Farm, 162.
Annelida, List of, 395.
Ansty, 335.
Anticlines, 296.
Anvil Point, 188.
Anwick, 341.
Applecross, 72.
Aptychus latus, 156 (fig.).
Arborescent Markings, 230, 231, 233,
284.
Archaoniscus Brodiei, 240 (fig.), 241,
272.
Archer Wood, 281, 282, 321.
Arish Rock, 255.
Arngrove, 134.
Artesian Wells, 333. See also Poriugs.
Ascott, 337.
Asgarby, 289.
Ashburnham Beds, 281.
Ashby, 174.
Ashby, West, 175, 323.
Ashby Puerorum, 317.
Ashdown Forest, 280.
Sand, 280.
Ashendon, 222.
Ashton, 58.
Ashton, East, 112.
, West, 113,340.
^
—
— Keynes, 36.
Aspley Guise, 50.
Astarte hartwellensis, 156 (fig-).
rugosa, 181-
Samanni, 182.
supracoraltina, 74, 152.
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Astartian, 152.
Aston Sheep Common, 40.
Aswarby Hall, 65.
.Spa, 340,341.
Aswardby, 289. i
Atchison, A. T., 125.
Atford, 27.
Athleta-bett, 9.
Audleby, 291.
Austen, Rev. J. H., 317.
AVELINE, W. T., 106, 115.
Avicula-Sba,\es, 65.
Avon, War-wiokshire, 297 ; Wiltshire,
304.
Aylesbury, 304 ; Boring near, 337.
Limestone, 224.
, Kimeridge Clay of, 169 ; Portiaud
Beds of, 181, 216, 217, 223-227
;
Purbeck Beds of, 279.
Vale of, 303, 304, 306.
B.
Bacon Hole, 243, 248, 249, 255, 256.
Tier, 200, 266.
Bagber, 21.
Bagley "Wood, 328.
Bailt, W. A., 114.
Balliol CoUege, 812.
Balsar's Hill, 147.
Bampton, 40.
Banbury Common, 102.
Banner's Ash, 117.
Bardney, 66, 148, 119.
Barfbrd, Little, 53.
Bargate Stone-beds, 69, 286.
Barley Hill, 220.
Barn Door, 258.
Barnetby-le-Wold, 148.
Gorse Hills, 291.
Barnwell Wold, 56.
Barraway, 169.
Barrett, C, 20.
, L., 139.
Bakrois, Dk. C, 178.
Base Bed. See Best Be*.
Bath, 297, 301.
Battle, 67, 231, 234, 280, 281, 296, 298,
317, 321.
Baumber, 175.
Bauekman, H., 345.
Beamiuster, 296.
Beaumont, (3., 329.
Beokles, S. H., 251.
Beckles' Quarry, 246, 251.
Beckley, 132.
Bedford Level, 300.
Bedfordshire, Corallian of, 135 ; Kime-
ridgian of, 169 ; Oxfordian of, 49, 51,
52, 322.
" Beef," 230.
Beef Beds, 243.
Belemnites, Uses of, 318.
Belemnites abbreviatus. 78 (fig.).
—
— boloniensis, 288.
Belemnites hastatus, 13 (fig.).
lateralis, 236, 287, 288 (fig.).
Oweni, 7, 13 (fig.), 59.
puzosianus, 7.
.Belemnoteuthis, 23, 32.
Bell Pits, 321.
Bencliff, 83, 89-92.
Grits, 73, 82, 85, &c. ; Fossils of,
95.
Benefield, 57.
Benett, Miss E., 203, 204, 206, 208.
Benniworth, 291, 294.
^ergeb. Dr. J. F., 330.
Berkshire, Corallian of, 119, 121,299;
Kimeridgian of, 165 ; Oxfordian of,
40 ; Portlandian of, 216.
Bernwode, 303.
Best (Base) Bed, Portland, 198, 199, 200,
310.
Bibliography, 403.
Bicester, 43, 45, 46, 304.
, "Vale of, 303.
Bierton, 223, 225.
Biggleswade, 49, 138.
Billinghay, 148.
Biucleave, 83. See also Benclifi'.
Bincombe Down, 259.
" Bird's Nests," 264, 266.
Birdsall, 133.
Bishop's Bridge, 6(!.
Norton, 66.
Bishopstone> 226, 279.
Biss, River, 25.
Bituminous Shales, 159, 160, 175, 327.,
Black Dyke, 67.
Head, 15, 85-87, 162.
Wore, 263,*264."
Stone, 160, 329.
Blackmore, "Vale of, 21, 100, 303, 303,
332.
.
Blackthorn Hill, 45.
Blake, Rev. Prof. J. F., 16, 67, 71, 72,
75, 82, 84, 88, 90, 91, 94, 100-105,
108-114, 116, 117, 119, 120-125, 128,
130-133, 137, 139, 140, 142-144, 149,
1.52, 158-162, 164, 165, 171, 174, 175,
176, 178, 180-182, 194, 199, 201, 203,
204,208, 209-211, 213-215, 218, 219,
221-224, 226, 228, 263,264, 267, 277,
287, 323, 324, 346.
Blake, J. H., 41, 121.
Blandford, 267.
Blashenwell, 340.
Blatchbridge, 23.
Bletchley, 48, 320, 328, 333, 341.
Blick's Hill, 30.
Blunsdon, 118.
Blunsdon, Little, 36.
Bluntisham, 56, 138, 147. ^
Clay, 135, 147.
Boarstall, 134.
BoQG, E., 175.
Bolingbroke, 173, 174, 328.
^
Bolonian, 180, 181, 221.
BoNKEY, Pboe. T. G,, 55, 140, 144.
Bononia, 180.
Borings, Well-sinkings, &c. :—
Boring at Abbots Eipton, 56, 328.
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Borings, &c.—cont.
at Abingdon, 125.
at Acre House, 328.
' at Akeley, 47, 48.
at Ampthill, 328.
at Ansty, 335.
at Ascott, "Wing, 337.
at Bagley Wood, 328.
near Battle. See Sub- Wealden.
at Bletohley, 48, 328, 333, 348.
at Bolingbroke, 328.
—
— at Boston, 173, 333.
at Bourn, 333, 334.
at Brewham, 327.
at Biigg, 66.
at Brill, 328.
at Burford, 41, 44.
at Burgh, 174.
at Calne, 114.
at Cambridge, 146.
at Chatham, 68, 348.
—
-
at Chettering Farm, 144.
near Claxby, 177, 328.
at Cricldade, 333.
at Culford; 146.
near Devizes, 328.
at Dimmock's Cote, 146. "
at Dinton, 275.
at Donnington-upon-Bain, 175, 328i.
at Dover, 67,150, 178,229„342,348.
at Downham Market, 173, 335.
at Driby, 174, 328. i
at East Compton, 20.
at East Keal, 328.
at East Stower, 103.
at Elsworth, 334.
at Even-Swiudon, 1 f9.
at Eynsham Heath, 327.
at Faringdon, 122, 337.
at Foxham, 28. ,
at Gillingham, 335.
at Haddon, 58.
at Holkham, 173.
at Holwell, 332.
at Kiugstag, Lidlinoh, 332.
at Langworth, 335.
at Littleworth, 334.
at Lolworth, 334.
at Malmesbury, 327.
at Mappowder, 335.
at March, 334.
near Melbury Abbas, 328.
at Melksjiam, 27, 327.
at Mickleton, 348.
at Meux's Brewery, London, 348.
at Mildenhall, 146.
at Netherfield. See Sub-Wealden,
at North Cottesloe, 228.
at N^rtbill, 50.
at Over, 334.
—— at Peterborough, 59.
at Portisham, 162, 196, 262.
at Portland, 202.
—— at Pulham, 332.
—
— at Puttenham, 337.
—
— at Kampton, 334.
——fat Bamsey, 60, 334.
— at Eevesby, 173,
Borings, &c.
—
cont.
at Richmond, 348.
at Eodburn Cheney, 119.
at Eodwell, 88.
—r- at Saffron Wald/jn, 146.
at St. Clement's, Oxford, 43, 44, 348.
near Shaftesbury, 328.
at Shillingford, 127.
near Shouldham, 173.
at Shrivenham, 120, 121.
at Skegness, 174, 291, 339.
at Soham, 146.
at Somerford, 333.
—
— at South Cerney, 35, 333.
near Spalding, 334.
at Spilsby, 174.
at Stock Gaylard, 332.
at Stone, 225, 337, 348.
at Stony Stratford, 49.
at Stratton St. Margaret's, 337.
at Streatham, 348. -
at Stretham, Cambs., 144, 146,334.
Sub-Wealden, 67, 150, 177, 229,
281-283, 298, 321, 345, 348.
at Swindon, 36-39, 119, 165,210,
328, 336.
at Templeoombe, 332.
at Tisbury, 208.
at Upper Whitborne, 163.
at Wantage, 126.
at Westbury, 108, 111.
at Wicken, 146.
at Willonghby, 339.
at Winslow, 48, 335.
at Witham Friary, 22.
at Witnej', 41, 44, 348.
at Woodhall Spa, 174, 328.
at Wootton, Abingdon, 125.
at Wootton Bassett, 116, 164, 336.
at Wytham, 42, 44, 348.
Boston, 173, 333.
Botryoidal Limestone, 191, 235, 245, 263,
264, 279.
Boulder Clay, See Drift.
Boulders, Large, 301.
Boulder of Kimeridge Clay, 173.
Boulogne, 233, 235, 288.
Boulognian, 180.
Boulonnais, 178, 180.
Bourguetia striata, 78 (fig).
Bourn, Caxton, 138.
, Lincolnshire, 63, 64, 65, 303, 320,
340 ; Water supply of, 333.
Bourton, 216.
Bow and Arrow Castle, 311.
Boxworth, 138, 323.
Eock, 140, 141.
Boywood Farm, 335.
Bozeat, 52.
Brachiopoda, List of, 384.
Brackish-water Mollusca, 236.
Bradley Farm, 128.
Bradon. See Braydon.
Bkadt, F., 342.
Brandy Bay, 161, 192.
Bkamnon, p., 311.
Braydon, Forest of, 5, 28, 303.
Manor Farm. 341.
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BllAYlET, E. W., 27.
Bredon Hill, 300.
Bredy Valley, 20, 94.
Bremhill, 29, 114.
Brent Knoll, 301.
Brentwood, 303,
Brewham, South, 22, 28, 327.
Briekearth, 322.
Brick-making, 45.
Bricks, Sun-dried, 323.
Brickliill,Great andLittle,5 0, 1 3 8, 1 8 1 ,2 8 6.
Brick-kiln Parm, 49.
Bride Valley. See Bredy.
Bridle-ways, 306.
Bridport, 301.
Brigg, 66, 149, 332.
Brigstock, 52, 57.
Brill, Kimeridge Clay of, 168, 303, 323,
328 ; Portland Bed.s of, 186, 221, 222,
225 ; Purbeck Beds of, 279.
Brington Wold, 56.
Brinkworth Common, 30.
Beistow, H. W., 20,22,28, 30, 103, 104,
189, 193, 201, 230, 235, 243, 245, 247,
249, 251-254, 259, 261, 264, 269, 315.
British Museum, 311.
Bkitton, J., 27.
Broad Bench, 158, 160, 320.
Broadway, 19, 92.
Brodie, Rev. P. B., 161, 210, 221, 238,
267, 272, 275, 277, 279.
Brobie, W. E., 159, 236.
Broken Bands, 244, 247-249, 255, 257.
Bromham, 27, 113.
Brora, 70.
Brown, H. T., 265.
Buckhorn Weston, 21.
Buckingham, 304.
Buckinghamshu-e, Corallian of, 135;
Kimeridgian of, 168 ; Oxfordian of,
45, 46; Portlandian of, 220; Pur-
beckian of, 279.
BncKiAND, Rev. Dr. W., 5, 17, 70, 82,
94, 130, 151, 168, 196, 230, 241, 263^
265, 304, 331, 341.
Buckland Newton, 162.
BucKMAN, Pkof. J., 28, 89, 118, 210, 327.
Bucknall, 174.
iBufonites, 318.
Bugle Pit, 223, 279.
Building Stones, 309 ; Density and
Absorbent Powers of, 313.
Buildings, London, 3 1 1 , &o.
Buller of Buchan, 302.
BuUingdon, 129, 131, 132.
JBuneurt, Sir H., 146.
Burdrop, 210.
Burford, 41, 44, 348.
Burgh, 174.
Burr, 200, 241, 257, 265, 316.
Stone, 243, 252.
BuRROWES, Dr. E. D., 330.
Burton Bradstock, 302.
Pedwardiue, 65.
Burwash Wheel, 286.
Bury, 60.
Buttermilk Earm, 50.
Buy, W., 32.
0.
Cadbury, South, 301.
Caistor, 176, 177, 288, 291, 294.
Calamary, Fossil, 32.
Calcareous Grit, 70, 71 ; Lower, 70, 71
;
Upper, 70, 71, 115, 119, 120, 123.
Caldeoot, 56.
Mill, 49.
Callovian, 8.
Calne, Corallian Beds of, 107, 114-116,
303, 319 ; Lower Calcareous Grit of,
73 ; Freestone of, 309 ; Kimeridge
• Clay of, 164.
Cam, River, 323.
Cambridge, 146.
Cambridgeshire, Corallian of, 119;
Kimeridgian of, 169 ; Oxfordian of,
56.
Cameron, A. C. G., 49, 51-54, 56, 60,
137-139, 141, 318, 322, 328, 333.
Campney, 174.
Caps of Purbeck Beds, 198, 200, 244,
263-265, 316.
Cardium dissimile, 183 (fig).
striatulum, 156 (fig).
Carfax, Oxford, 340.
Carlton Hill, 49.
Caruthers, W., 238, 264.
Carter, James, 7, 55.
Casewick, 62, 319.
Castle Cary,^01.
Rising, 173.
Castor. See Caistor.
Casts of Fossils, 185, 198.
Catoombe, 116.
Catley Abbey, 3lll.
Caulerpa, 154.
Caverns, 188.
Cawthorpe, 341. ^
Caxton, 138, 139.
Cement, Hydraulic, 320.
Cement-stones, 158, 319, 320.
Cerithium portlandicum, 183 (fig.), 198.
Ceme A.bbas, 21, 94, 100, 162.
Cerney, South, 29, 33-35, 333, 341.
Wharf, 33, 36.
Cetacean, 154.
ChafiF-holes, 264.
Chalky Portland Beds, 186, 194, 195, 206.
Chalybeate Springs, 340.
Chapman, F., 69.
Chapman's Pool, 158, 159, 192.
Chara, 234, 241, 261, 284.
'
Charms, 318.
Chatham, 68, 296, 298, 299, 348.
Chatteris, 60, 147, 169, 171, 341.
Chawley, 166.
Cheese, 304. >
Chemnitzia-Toei, 87.
Chemnitzia heddingtonensis, 78 (fig.),
131.
Chene, 202. „ .
Chert, Portland, 179, 186, 199 ; Oblique
veins of, 186, 193, 199, 201.
, Oolitic, 186, 187, 189.
.Purbeck, 230, 234, 244, 851, 254,-
255.
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Cherwell, 297.
Chesil Beach, 93, 162, 302.
€hetnole, 21.
Chettering Farm, 144.
Cheverell, Great, 210.
Chichester Cathedral, 312,
Chiekerel, West, 19.
Chicksgrove, 268, 272, 312, 317.
Quarry, 204, 206.
Chilcombe, 20.
Child Okeford, 162.
Chilmark, 204, 207, 208, 267, 268, 270,
296, 312, 320.
Stone, 186, 187, 313.
Chiltern Hills, 216, 339.
Chippenham, 28, 30-32, 303, 304, 322.
Chisledon, 210.
Christchurch Priory, 312.
Christian Malford, 28, 30-32, 304, 341.
Churches, Stone used in, 309, &c.
Cidarisflorigemma, 73, 74, 80 (fig.).
Smithi, 80 (fig.).
ander Bed, 23!5, 244, 251, 271, 272.
Clack, 115, 116.
Clapham, Bedford, 5 1, 340.
Clakke, Kev. W. B., 249.
Clavinium, 16. «
Claxhy, 176, 289, 291, 302, 319, 328.
Ironstone, 287, 288, 294, 323-326.
Moor, 176.
Clay Hope, 202.
Clay-lumps, 323.
days, Colour of, 151. '
Cleeve HUl, 75.
Cliff, The, 301.
•Cliff Beds, 190.
Field Quarry, 189.
Stone, 312.
Clod, 5. •
Closeworth, 21.
Cluxtebbuck, Rev. T. C, 125, 301,
.341.
Clunch, 141.
Clay and Shale, 5.
Coal, Fruitless trials for, 327.
, Kimeridge, 159, 329.
Measures, 299.
Money, 330.
Coast Erosion, 245.
Scenery, 302.
Coate, 215, 216.
CoBBOLD, E. S., 130, 132, 167.
Cockle Beds, 244.
Cocklebury FaJm, 30.
Colour of Eocks, 151, 253, 326.
Colour-markings on Mollusc, 215.
Combe, Woodstock, 40.
Wood, 219, 278.
Combes, 390, 307.
Combustion, Spontaneous, 162, 331.
Comoseris irradians, 81 (fig.).
Compton, East, 20.
Cone-in-cone, 52, 230.
Coney .'Qill, 222, 225.
" Conger Eels," 199.
Conglomerate, 179, 222, 223, 225, 255.
Coningsby, 173.
Conington, 57, 58, 138.
CONTEJEAN, C, 235.
CONYBEASE, EbV. W. D., 22, 70, 130,
175,281,283,302,318,327.
Conygre Farm, 114.
Stone, 319.
Coprolites, 84, 160, 168, 24.3, 287, 322.
See also Phosphatio Nodules.
Copyhold Bridge, 282.
Coral-banks, 72.
.; beds, 117, 119, 120, 128, 129, 131.
reefs, 72.
Coral Eag, 70, 71, 72; Upper, 71,74,
82, 85, 95.
^ Corals, List of, 398 ; Portlandian, 208 ;
Corallian, 75, 81, 112.
CoralUan Beds, General account of, 70
;
Organic Eemains of, 75 ; Zones in,
73 ; Eelations of Oxford Clay and, 6.
of North and South Dorset,
106 ; of North Dorset and Wiltshire,
116 ; of Wiltshire and Berkshire, 128.
Briokearth of, 323 ; Building-
stones of, 309 ; Soils of, 305 ; Thick-
ness of, 71 ; Water supply of, 335.
Coralline Oolite, 70, 71.
Corbula Beds, 243.
Corbula alata, 239 (fig.).
Cordatus-'be&s, 37.
Corfe Castle, 238, 312, 316.
Cornbrash, Eelations of Oxford Clay
and, 6.
Clay, 10, 65.
Corscomb, 21.
Corsley, 163.
Corston, 33.
Coryales, 196.
Cotham Stone, 231, 233.
Cottenham Cheese, 304.
Cottesloe, North, 228.
Cotteswold Hills, 300.
Coulston, 163, 209.
Cowley Common, 217.
Marsh, 43.
Ceane, E., 150.
Crawley, 49, 50.
Creamy Limestones, 222, 228.
Ckedneij, Dr. H., 178.
Creslow, 228.
Cretaceous and Jurassic, Division
between, 3, 286-295. See also
Wealden.
Strata, Overlap of, 1, 181,258, 296.
Crewkerne, 297.
Cricklade, 36, 40, 303, 304, 333, 341.
Crocodile, Swanage, 238.
Bed, 243, 253.
" Crow's Nests," 264.
Crustacea, List of, 386.
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NoKTHAMrroN, Mahquis of, 32.
Northamptonshire, Oxfordian of, 56.
North ill, 50.
Nothe Clay, 82, 8:5, 95, &o.
Fort, 82.
Grits, 82, 85, 95, &c.
' Toint, 83, 88.
Nottington Spa, 341.
Nimeham Courtney, 306.
0.
Ouk Tree Clay, 306.
Oakley, Beds," 51.
, Bucks, 134.
House, 123, 124.
(Wockley) Quarry, 269.
Ochreous Nodules, 326.
Oddens Wood, 93.
Oil-shale, 328-331.
Okeford Fitzpaine, 162.
Old Copse, 47.
Park Farm, 33.
Omosaurus, 165.
Oolite- Grains, 233 ; Formation of, 72 ;
Silicified, 186, 187 ; Siliceous struc-
tures in, 324.
Oolitic Eocks, Structure of, 73.
Chert, 186, 187, 189.
Iron ores, 323.
Oolitic Corallian Beds, 73 ; Portland
Beds, 186 ; Purheck Beds, 270, 279.
Eocks, Middle, General Account
of, 1, 5 ; I'pper, General Account
of, 1, 151.
and Cretaceous, Division between,
3, 286-295. See also Wealden.
Bubble, 300.
Ophioderma, 17.
Oppel, Dk. a., 9, 73, 74, 152, 182, 234.
Okeignt, A.d', 5, 8, 68, 70, 152.
Orchard, West, 253, 317.
Ornamental Waters, 339.
Ornaten-thoiie, 9.
Ornati Ammonites, 9.
Ornatns-heds, 37.
Orwaldes Wood, 303.
Osbournhy, 340.
Osmington, 82, 84-88, 92, 162, 322.
Oolite, 73, 82, 85, 92, 93, 95, 309.
, Portland Beds of, 194.
Mill, 84.
Ostracoda, List of, 387 ; Purbeek, 227,
240, 241, 269, aSO.
Ostrea deltoidea, 152, 155 (fig.), 163.
discoidea, 136 (fig.).
dislorta, 235, 239 (fig.).
Ostrea gregaria, 79 (fig.), 113.
—
— sandalina, 134.
Otmoor, 45, 303, 305.
Oundle, 52, 57, 322, 340.
Outliers, 181, 276, 297, 300.
Ouse, Great, 297, 300.
Over, 56, 334.
Field, 323.
Overlaps of Cretaceous strata, 1, 181,
258, 296 ; of Purbeck Bids, 277.
Oving, 227, 228, 280.
Owen, Sir E., 32, 165, 236, 238.
Oxford, 28, 70, 71, 278, 301, 305, 322,
£28, 332, 340.
, Building-stone of. 309 ; Corallian
Beds of, 107, 129-133; Oxford Clay
of, 40-45 ; Portland Beds of, 217-
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J Purbeck Beds of, 218, 278.
Oxford Group, 73.
Oolite, 70, 82.
Oxfordian Beds, General account of, 5
Organic Remains of, 6 ; Zones in, 7
Thickness of, 6, IC ; Soils of, 304
Water-supply from, 332 ; Brick-clay
of, 322.
Oxfordshire, Corallian of, 128; Kime-
ridgian of, 165; Oxfordian of, 40;
Portlandian of, 216; Purbeckian of.
278.
OXLET, J., 22.
Oxonian, 6.
Oyster-bed, 189, 191.
Oysters, Heddington, 168.
P.
Padbury, 46.
Padney, 142.
Palteocetits, 154.
Paludina Clays, 243.
Marble, 254, 317.
Paludina carinifera, 239 (fig.)
elongata, 239 (fig).
Papworth St. Everard, 135, 138.
Parafiin, 329, 331.
Pakkek, James, 6, 40, 43, 131, 218.
Paekinson, J., 5.
Passage-beds, 179, 193, 217.
Pasture Lands, 304.
Patney, 276.
Paving-stone, 314.
Pavlow, Pkof. a., 7, 235, 287, 288, 293,
294.
Pear Tree Hill, 43.
Peahce, J. C, 31, 32.
Peckingel Farm, 29, 30.
Pecten articulatus, 79 (fig.).
cinctus, 291.
lamellosus, 183 (fig.).
Pellat, E., 218, 223.
Pelolithic Formation, 133.
Pcndle, 224, 279, 280, 317.
Penleigh, 106.
Penning, W. H., 55, 56, 138, 140, 141.
146, 170, 334. ' ' '
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i'ennsylvama Castle, 307.
Penzlewood (Pen Selwood), 22, 163,
303.
Perch Hill, 286.
Pekcy, Dk. J., 319.
Pei-na mytiloides, 183 (fig.).
Peterborough, 56-59, 62, 318, 322, 332.
Petrifying Springs, 340.
Peverel Point, 245, 246, 252, 253, 317.
Pewsey, ^'ale of, 209, 276.
Peyton, J. E. H., 284, 285.
JPhasianetta, 75, 78 (fig.).
PnililiMOKE L., 311.
Phillips, Prof. John, 6, 22, 36, 40, 42,
43, 52, 70, 71, 119, 129, 130, 132, 134,
167, 168, 217-219, 278,327, 328, 336,
338.
Phillips,
.J. A., 233.
Phillips, W., 5, 22, 70, 175, 281, 318,
327.
Phosphatic Nodules, 68, 144, 146, 147,
170, 174, 179, 286, 290, 293, 322.
Soil, 306.
Phosphatized Fossils, 223.
Phosphoric Acid, 324, 325.
Physa Brislovii, 239 (fig.).
Picnic Inn, Osmington, 84, 86.
Piddle's Wood, 162.
Pidley, 56.
Pigment, 323.
Pinney Bed, 203 204, 318.
Pisolite, 70,72, 73, 85, 87, 101; 105, 115,
117.
Pitchers, 316.
PiTT-EivEKS, General A. L. F., 331.
Plagiaulax, 236.
Becklesi, 237 (fig.).
Plain of Marine Denudation, 302.
Plants, Fossil, 241, 262-266, 279, 286,
291 ; Listof, 401.
Pleurotomaria reticulata, 78 (fig-).
Fliosaurus grandis, 161.
Plot, E., 198, 309.
PotWBELE, T. R., 134.
Polyzoa, List of, 386.
Pond Freestone, 190, 191,
POKTEK, J)e. H., 58, 59.
Portisham, 162, 304, 307, 320, 330;
Portland Beds of, 186, 196 ; Purbeck
Beds of, 233, 261-263.
Portland, Isle of, 179, 302, 331.
Portland, Anchorage at, 162 ; Portland
Beds of, 106-202; Fossils of, 201;
Purbeck Beds of, 262.
Portland Beds, General Account of, 179
;
Thickness of, 180 ; Organic remains of,
182; Zones of, 182; Microscopic
Structure of, 186 ; Chert of, 186; Out-
liers of, 181 ; Soils of, 307 ; Brick-
earth of, 323 ; Water supply of, 338.
'^— and Purbeck Beds, Junction of,
251, 264, 269 ; K«lations of, 263, 264,
277.
Portland Bill, 196, 197, 262, 265, 310.
Cement, 320.
Ferry, 331.
Lime, 179.
Sand, 179-181.
' Portland Screw," 198.
Stone, 179, 181, 310; Analyses of,
313; Disintegrated, 233.
Portlandian, 179, 182; Lower, 181;
Middle, 180, 223; Upper, 181.
Post Office, General, 311 ; Savings Bank,
311.
Poiterue, 163, 164, 209, 306.
Potton, 49, 138, 286.
Poulton, 36.
Poundsford, 281, 285, 323, 331, 340.
Pratt, S. P., 7, 32.
Prbstwicii, Prop. J., 22, 42, 43, 169,
278.
Preston, Gillingham, 105.
, Hillmartou, 115.
, Weymouth, 194.
Priestend, 220.
Pseudmnelania heddingtonensis, 78 (fig.).
Pseudomorphous Crystals of Rock Salt,
230, 244, 270.
Pterocei-a oceani, 74, 152.
Pterocerian, 152.
Pterodactyl, 161.
Pulham, 21, 332.
Purbeck Beds, General account of, 230
;
Microscopic structure of, 233 ; Rela-
tions of, 234 ; Organic remains of,
236 ; Soils of, 307 ; Water supply of,
339.
of Portland, 1 98-200.
, Relations of the, 235.
and Portland Beds, Junction of,
259, 264, 26S, 277.
and Wealden Beds, Junction of,
255, 256, 278, aSl.
Building Stone, 313.
Caps, 198, 200.
Marble, 243, 253, 254, 316.
Stone-beds, 315.
, Isle of, 307 ; Portland Beds of Isle
of, 180, 188-193; Purbeck Beds of,
243.
Puirbeok-Portland Stone, 188, 311.
Quarries, 313.
Purbeckiau, 230.
Purton, 117, 303, 319.
Spa, 340.
Putlowes (Putlers), 306.
Puttenham, 337,
Pygaster umbrella, 131.
Pyt House, 203, 307.
Q.
Quainton, 45, 46, 134, 135, 280.
^,Hill, 222.
Quarries, Portland, 310, 311.
Quarrymen, Purbeck, 314.
Quartz Pebbles, 40.
Quartzite Pebbles, 40.
Quemerford, 114.
QUBNSTEDT, F. A., 9.
Quicksands, 119.
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R.
Eaasay, 325.
" Race," 224.
Eadipole, 15-17, 304, 319, 341.
Eagstone, 203, 206.
Railway cuttings :—
Great Eastern (Ely and St. Ives), 56.
Great Eastern and Great Northern
Joint (Sleafordto Lincoln), 65.
Great Northern, 58, 55, 58, 62 ; (Louth
and Lincoln), 291.
Great Western, 23-25, 30, 31-33, 164,
215
;
(Abbotshury), 92,'93, (Calne),
30 ; (Oxford and Thame), 129
;
(Woodstock), 40.
Great Western and London and South
Western Joint (Dorchester and
Weymouth), 19, 91, 110, 259-261.
London and North-Western (Banbury
and Bletchley), 46; (Northampton
and Peterborough), 57, 58.
London and South-Western, 21, 104,
162, 163, 272-274.
Manchester, Shelfield, and Lincoln,
176.
Metropolitan, 226.
Midland, 51, 135-137
;
(Bourn and
Saxby), 63, 64.
Midland and South-Western Junction,
3S, 34, 117, 118, 164, 211, 212.
Somerset and Dorset, 101.
Eaithby, 174.
Rampisham, 21.
Bampton, 334.
Ramsay, Sir A. C, 210, 213, 214, 216,
234, 236, 264.
Ramsdeu Heath, 40.
Ramsey, 52, 56, 57, 59, 60, 319, 334.
Eand, 66.
Easen, We.-it, 66.
Eawlbnce and Sqijaeey, Messes., 332.
Ray Bridge, 28.
Read, C. S., 306, 328, 338.
Red Rock of St. Ives, 141.
Red Rocks, 326.
EedclifF Point, 15, 16, 87, 88.
Eedcroft, 310.
Reform Club, 311.
Reid, C, 173,300.
Remedy, 21.
Eeneviek, E., 182.
Eenscombe, 158, 191,307.
Benulina, 75.
Eeptilia, List of, 351.
Reservoirs, 339.
Revesby, 173.
Rey Bridge, 28.
Rhaxella perforata, 75.
Rhodes, John, 26, 27, 29, 30, 33, 35,
36, 52, 102, 137, 159, 160, 165, 174,
176, 211,213,275.
Rhomboidal Jointing, 283.
Shynchonetla inconstans, 152, 155 (fig.).
varians, 10 (fig.).
varians rar. Thurmanni, 100! (fig.).
Ejche, a., 9.
Richmond, 67, 299, 348.
Ridding, 310, 311, 314.
Ridge, near Tisbur)', 270.
Ridge-way Cutting, 19, 20, 243-245, 249,
259-261, 267, 296.
Ridgmont, 50.
EiLEY, E., 325.
Ringstead Bay, Corallian Beds of, 73, 82,
84; Kimeridge Clay of, 159, 161,
331 i Portland Beds of, 193, 194,
302 ; Purbeck Beds of, 233, 249, 258.
Ripple-marks, 72, 233, 2.55.
Eiseley, 52.
Rivers, 297, 30C.
Roach, 185, 198, 200, 310.
Road, 23.
Eoad Metal, 319.
Roberts, Thomas, 9, 53-55, 66, 135,
137-144, 146-149, 152, 168, 170, 171,
175. 176.
Robinson, C. E., 189, 314, 316, 330.
Rochester Cathedral, 312.
Rock Salt, Pseudomorphous Crystals
of, 230, 244, 270.
Eocks, Colour of, 151, 253, 326 ; Local
Names of, 190, 203, 315.
Rodbourn Cheney, 118, 119, 341.
Rodden, Frome, 22, 23.
, Portisham, 19, 21.
Rodwell, 88, 91, 92, 340.
Romano-British remains, 330.
Romans, Iron-ore worked by, 294.
Eomsey Abbey, 312.
Roofing-tiles, 318.
EosB, C. B., 147, 148, 172, 173.
Eoslyn Hole, 170, 323.
Roundea Wood, 281, 284.
Rowde, 113, 164.
Wick, 113.
Rowdeford, 113.
Rowden Earm, 30.
Rubble, Oolitic, 300.
Eiibbly (Portland) Beds, 222, 224, 226.
Eufus Castle, 198, 201, 202.
Eunoton, South, 173.
Eushmere Pond, 50, 286.
Eushmore, Dorset, 331.
Russia, Volffian Beds of, 182, 287.
RuTLEY, F., 276.
Rymead, 91.
s.
S.EMANN, L., 218, 223. •
Saffron Walden, 146.
St. Alban's (St. Aldhelm's) Head, 151,
158, 186, 188, 190, 181,245, 302, 307,
311, 312.
St. Bartholomew's, Oxford, 43.
St. Catherine's Chapel, 94.
St. Clement's, Oxford, 43, 44, 340, 348.
St. Ives, 46, 54-56, 135, 138, 332, 341 ;
Red Rock of, 139-141.
Heath, 303.
St. Neot's, 53, 322, 332, 341.
Eock, 53, 54.
St. Panoras, 311.
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St. Paul's Cathedral, 311.
Saline Waters, 27, 48, 332, 333, 340 j
Origin of, 341, 342.
Salisbury Cathedral, 312, 316.
Plain, 276.
Salmonby, 174, 290, 317.
Sand Bailers, 218.
Sands, Economic uses of, 319.
Sandford-on-Thames, 130, 167.
Sandridge ffiU, 27, 113.
Sandsfoot Castle, 82, 83, 89, 90, 311.
Clay, 82, 85, 95, 323.
Grit, 82, 85, 95.
Sandstone, Cementation of, 125 ; Wea-
thering of, 291.
Sandy, 54, 138, 169.
SAtTFTDERS, J., 137.
Saxby, 176.
Scallop Beds, 244.
Scamblesby, 291.
Scenery, 296, 302.
Scrabcroft, 67.
Sea-water. Influence of, 252.
Seacombe, 189, 312, 313, 338.
Sedg-ivick, Eev. Pkoe. A., 82, 9C, 94,
112, 130, 133, 139, 142, 144, 170, 234,
248.
Seeeohm, F., 307.
Seeley, Prof. H. G., 53, 59, 134-136,
138-141, 144, 147,154,334.
Seend, 27, 73, 111, 113, 163, 306, 322.
Selenite, 49, 151.
Selwood Porest, 303.
Semington, 113.
Semley, 162, 163.
Septaria, 5, 17, 63, 319, 320.
Serpula-bed, 16.
Serpxda vertebralis, 13 (fig.).
Serpulite-bed, 196.
Serenhampton, 120, 121.
Shaftesbury, 103, 162, 163, 306, 320, 328.
, Vale of, 162, 303.
Shales, Ignition of, 162, 331.
Sharman, G., 36, 68, 164, 211, 226, 279,
293.
Sharncott, 35.
Shells, Dissolution of, 185.
Shells Grove, 35, 36.
Sherborn, C. D., 27, 163.
Sherborne, Dorset, 296.
Shelton Green, 49.
, Lower, 49, 341.
Shilling Okeford, 162.
Shillingiford, 127, 216.
Shipmore Point, 93.
Shippon, 123.
Shopland, J. K., 1 65.
Shorts Barn, 100,
Shotover Hill, Corallian of, 130, 132;
Cretaceous of, 278; Kimeridge Clay
of, 151, 168 ; Portland Stone of, 186,
217, 319 ; Purbeck Beds of, 218, 219.
Iron Sands, 278, 287.
Limestone, 309.
— Sands, 218.
Shouldham, 173.
Shrimp Stone, 190, 191,
Shriyenham, 120.
Siddington St. Peter, 35.
Siliceous Structures in Oolite grains, sa4.
Silioified Oolite, 186, 187.
Plant-remains, 241, 262-266, 279,
386, 291.
Skektohlt, S. B. J., 60, 63, 147, 171,
286, 341.
Skegness, 174, 2&0, 291, 294, 339.
Skull Cap, 263, &o.
Slag, 309, 310, 319.
Slatt, Hard, 200, 266.
Sleaford, 65, 340.
SHckensides, 16, 249.
Small Mouth, 18, 83, 90.
Smedmore, 330.
Smeb, a., 330.
Smith, C. H., 310.
Smith, William, 6, 9, 22, 26, 28-30, 33,
52, '70, 163, 230, 306, 328, 336.
Snep's Wood, 283, 321.
Snipe Dale, 289.
Soham, 146.
Pen, 341.
Soils, 304 ; Analyses of, 305.
Solms-Laitbach, H. Graf zu, 266.
Somerford, 30, 304, 333, 340.
Somersby, 340.
Somerset House, 311.
Somersetshire, Corallian of, 105 ; Ox-
fordian of, 21.
Somersham Spa, 340.
SORBY, Dk. H. C, 73, 75, 186, 234, 327.
South End, 228.
Southend, Bedford, 51.
Southrey, 169, 172.
Southwell, Portland, 197, 202, 338.
Southwick, 57, 322.
Bridge, 24.
SowERBY, J., 75, 131, 135, 204, 206.
Spalacotherium tricuspidens, 237 (fig.).
Spaldintr, 333, 334.
Spencer, J., 28.
Sparsholt Farm, 117.
Spas, 340.
Specific Gravity of Building Stones, 313.
Speeton Beds, 287.
Spinney Abbey Farm, 144.
Spinneys, 305.
Spilsby, Kimeridge Clay of, 1 74.
Sandstone, 287, 290-294, 317, 319,
322 ; Boulders of, 291 ; Fossils of,
293; Nodule-bed of, 181 j Soil of,
308 I Water supply of, 339.
Spirt Hill, 114.
Sponge-spicules, 186, 187, 204.
Sponges, 75, 234 ; List of, 399.
Spongia paradoxica, 90.
Spontaneous Combustion, 162, 331.
Springs, 332, 339.
Stacpoole, a. D., 43.
Stainfield, 341.
Stair Cove or Hole, 193, 257, 258, 302.
Stalactitic Deposits, 198.
Stalbridge, 21.
Stamford, 319.
Standground, 57, 58.
Stanford-in-the Vale, 166.
Stanier, W. H., 36.
496
Stanilanb, M., 322, 324, 325.
Stanton, 341.
, Lower, 33.
St. .Tohn, 132,134.
Star-coral, 185, 193, 208.
Stare Cove. See Stair Cove.
Staverton, 26.
Steeping Eiver, 174, 289, 290, 300, 339.
Steeple Ashton, 72, 111-113, 328.
Claydon, 45, 46.
Stevington, 51.
Stewklej', 46, 135, 169, 228, 280, 303.
Stiekford, 174.
Stickney, 173.
Stilton Cheese, 304.
Stixwould, 148, 174.
Stock Gaylard, 332, 340.
Stone, near Aylesljury, 225, 337, 348.
Stone-beds, Local Names of, 1 90, 203, 315.
tiles, 318.
workers, 314.
StonebrasTi Hills, 29.
Stony Stratford, 49.
Storridge Farm, 110.
Stourhead, 22.
Stourton, 106, 163.
Stowe-nine-Churches, 52.
Sto-n-er, Coralline Oolite of, 73.
, East and West, 103, 104.
Provost, 103.
Strahan, Aubrey, 20, 84, 93, 126, 158,
159, 161, 174-177, 188,190, 226, 241,
242, 246, 256, 258, 269, 270, 273,
287, 290-294, 296, 307, 320, 325,
328, 330.
Strangwats, C. Fox-, 2, 9, 10, 72, 73,
133, 182, 229, 294, 319, 403.
Stratigraphical Groups, 3, 180.
Stratton St. Margaret's, 336.
Streatham, 67, 299, 348.
Stretham Ferry, 144, 146, 334.
Striated Pavement, 249.
Strickland, H. E., 218.
Struckmans, Dr. C., 235.
Studley, 24, 25, 134, 328.
Sturminster Newton, Corallian of, 75,
100-103, 107, 309, 324; Pisolite of,
73; Kimeridge Clay of, 162; Ox-
fordian Beds near, 21.
Sturthill, Lower, 20.
Subten-anean Erosion, 273, 275, 301.
Sub-wealden Boring, 67, 150, 177, 229,
281-283, 298, 321, 345, 348.
Sudborougb, 57.
" Sugar-candy," 198.
Sulphur Springs, 341.
Summertown, 43.
Superficial Deposits, 304.
Superior Oolite, 70.
Sussex, Corallian Beds of, 150 ; Kime-
ridge Clay of, 177 ; Oxfordian Strata
of, 67 ; Portland Beds of, 229 ; Purbeck
Beds of, 280, 308, 319, 320.
Sutherlandshire, Oolites of, 151, 185.
Sutton, near Ely, 169, 332.
H Bingham, 21.
Pointz, 335.
Waldron, 309.
Swanage, Purbeck Beds of, 245, 253,
318, 321, 339 ; Purbeck Mammals
fi:om, 236, 237.
Crocodile, 238.
Stone, 245, 251, 312.
Swanbourn, 48.
Swannery, 19.
Swife'g Farm, 331.
Swindon, 297 ; Corallian Beds of, 118,
119, 129; Kimeridge Clay of, 164,
165, 323 ; Oxfoi'd Clay of, 36, 328
;
Portland Beds of, 181, 210-216;
Purbeck Strata of, 276, 318, 320;
Well-sinking at, 36-39, 341.
, Cld, 211.
Clay, 179, 181, 213, 223.
Series, 214.
Stone, 210, 213, 313.
Swyre Head, 159, 192, 307.
T.
Table of Middle and Upper Oolites, 2.
Tattershall, 148, 173.
Tattingworth, Little, 280.
Taunton, J. H., 36.
Tawnet, B. B., 144.
Taylor, li. C, 173.
Tealby, 291.
— Beds, 289, 292, 294.
Ironstone, 290.
Teall, J. J. H., 138, 173, 186, 218,
233, 234, 253, 286, 324, 327.
Teffont Evias, 204, 234, 238, 270, 272,
317.
Templecombe, 332, 340.
Tetsworth, 339.
Tetworth, 138, 169.
Clay, 134, 135.
Thame, Kimeridge Clay of, 168, 806
;
Portland Beds of, 216, 220, 221
Purbeck Beds of, 279 ; Water supply
at, 339.
Thames Valley, 297, 303.
and Severn Canal, 33.
ThamnastrcEa arachnoides, 81 (fig.).
Thecosmilia annularis, 81 (fig.).
Thicknesses of Middle and Upper OoUtes,
2.
Thompson, B., 49, 52, 231.
Thorney, 52, 56, 61.
Thracia depressa, 155 (fig.).
Thrapston, 52, 56, 57.
Thrust-plane, 257.
Thurlby, 57, 322.
Thurmann, J., 70.
Tickford End, 49.
TiDDEMAN, E. H., 285.
Tidmoor Point, 18, 19.
Tile House Farm, 47, 48.
Tile-clay, 322.
Tilestone, 272, 318.
Tilly Whim, 188, 191, 249, 311, 312.
318. . J •
Timberland, 66.
TiMMiNS, A., 320.
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Tinker's End, 48.
Tisbury, Chert from, 187 ; Kimeridge
Clay of, 162 ; Tortland Beds of, 204-
209 ; Purbeok Beds of, 269, 270.
Star-coral, 1S5, 193, 208.
Stonei 186,312, 313.
Tithonic, 182.
Toad's Eye Limestone, 252.
Toad-stoues, 318.
Tockeuham Wick, 115.
Todbere, 103, 104.
Freestone, 73, 309.
Toft Lodge, 64.
Tomes, E. F., 119.120.
Tongue End Farm, 334,
Top Cap, 198, 263, &o.
Toot Baldon, 217.
Toot Hill, 336.
TOPLEY, W., 67-69, 150, 229, 281-285i
308, 317, 321, 323, 331, 342, 345.
Totnell, 21.
Towns, Sites of, 332.
ToTN'NSEND, Key. J., 22, 23, 28-30, 70.
Travertine, 235, 264.
Tree-trunks, 265, 266. See also Plants.
Triconodon movdax, 237 (fig.).
Tridaetyl (Trifid) markings, 233, 252.
Trigonellites. See Aptychus.
Trigonia-beds, 75, 82, 85, 124, 222.
Trigonia Grit, Fossils of, 95.
Trigonia clavellata, 79 (fig.), 85, 86,
89.
yibbosa, 152, 182, 183 (fig.).
incurva, 182.
Meriani, 79 (fig.).
monilifera, 79 (fig.).
Pellati, 182.
Tring, 337.
Trowbridge, 7, 9, 23-26, 113, 304, 322.
Tufa, 264.
Turtle Stones, 17, 319, 320.
Turtles, Purbeck, 238.
Tytherton Lucas, 30, 304.
u.
Uffington, Berks, 303.
, Nortbants, 57, 322.
Unconformity in Corallian Beds, 128
;
' between Corallian Beds and Kimeridge
Clay, 1 30 ; between Kimeridge Clay
and Spilsby Sandstone, 176, 181;
between Purbeck and Portland Beds,
264, 277.
Underground structure of concealed
Jurassic rocks, 296.
Unio Beds, 243, 245, 253, 317.
Unio valdensis, 239 (fig.).
Upper Oolitic Rocks. See Oolitic.
Upway, Faalt near, 19 ; Kimeridge Clay
at, 162 ; Portland Beds of, 194, 195,
307 ; Chalky limestone of, 186 ; Port-
land Chert of, 187 ; Pm-beok Beds of,
243, 249, 259, 316, 320; Wishing
Well at, 339.
USSHBR, W. A. E,, 65-67, 148, 149,
176, 328.
Ure, Dr. a., 329.
Upware, Corallian of, 70, 141-145.
Limestone, 133, 142-144, 147.
V.
Vanadium, 325.
VANCOnvEK, C, 142.
Vermiform Markings, 233.
Vermilia sulcata, i6.
Verne Fort, 196, 197, 201, 262.
Vale of Aylesbury, 303, 304, 306.
—
~ of Bicester, 303.
of Blackmore, 21, lOO, 302, 303,
.332.
of Bredy or Bride, 94
.
of Kimeridge, 303.
of Pewsey, 209, 276.
of Shaftesbury, 162, 303, 306.'
of Wardour,, 180, 181, 203-209,
233, 267, 296, 304, 307, 308.
of White Horse, 303, 306,
Valley-drifts, 304.
Valleys, Erosion of, 300.
Virgulian, 152.
VoELCKEK, Dk. a., 305, 341.
VoGT, J. H. L., 327.
Volga (V^olgian) Bed.';, 182, 287.
w.
Waagek, W., 84, 152.
Waddesdon, 222.
Field, 134.
Waddingham. 67.
Walcott, .341.
Waldheimia impressa, 55.
Walker, J. F., 286.
Wallingford, 127, 216.
Wallw, a. M., ] 98, 265, 266.
Walton, 55.
Elm, 103.
Wantage, 126.
Waidour Castle, 205, 312.
, Vale of, 296 ; Portlandian of, 180,
181,203-209, 304, 307 ; Purbeck
of, 233, 267; 308.
Stone,
-3 12.
Warmiugton, 57, 322.
Warren, Stewkley, 228, 280.
Warrington, E., 341.
Wash, The, 297, 300.
Watehet, 302.
Watehfield, 120, 12?..
Water Supply, 332,
Waters, Ornamental, 339.
Waterstock, 168.
Watlington, 173.
Watts, J. K., 56, 303.
Watts, W. W., 232.
Wavendon, 49.
Wealden Area, Purbeck Beds of, 280,
1
Beds, Eelations of Purbeok and,
234, 235, 255, 256, 272-275, 278,281.
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Weathering of Stone, 291, 311.
Wbbsiek, J. L., 202.
Webstbb, T., 151, 179, 189, 198, 230,
234, 235, 248, 264, 266, 281, 314-316,
331.
Weed, W. H., 256.
Weedon, 228.
Welland, 297, 300.
Well-sinkiugs and headings, 336. See
also Borings.
Wells, Holy, 339.
Wendover, 226.
Werrington, 57, 62.
West End, Stevingtou, 51.
Hill, 192, 307.
Westbrook, 113.
Westbury, Corallian Beds of, 106-111,
320; Iron-ore of, 73,323-326; Slag,
309, 310; Oolite of, 73; Kimeridge
Clay of, 163, 306.
Westcot, 134.
Westminster Abbey, 312.
Weston, C. H., 19, 20, 194, 259, 260,
265.
Weston, Portland, 197, 198.
—
—
, Sutton Bingham, 21.
Westwood, Pkof. J. 0., 238.
Wethered, E., 72, 241.
Weycroft Quarries, 310, 311.
Weymouth, Corallian of, 70, 82-99, 107,
306-323 ; Drift near, 304 ; Kimeridge
Clay of, 162; Oxfordiau Beds of, 7,
15, 322, 332 ; Water supply of, 335.
Anticline, 296.
Bay, 82.
, Cliffs South of, 84, 88-92.
Harbour, 17.
Strata, 82.
Whaddon Chase, 46, 303.
Whatlington, 280.
Wheatley, 73, 130, 132, 134, 168, 219,
278, 309.
Whit Bed, 186, 198-200, 310.
Whitakek, W., 43, 49, 50, 60, 68, 146,
147, 169, 173, 179, 202, 221, 222,243,
298, 334, 335, 337, 341, 342.
Whitborne, Upper, 163.
Whitchurch, 169, 186, 227, 228, 279,
280, 339.
White Hart Forest, 303.
Horse, Vale of, 303, 306.
Lias, 159.
Nore, 161, 258, 302, 331.
Whiteuham Lodge, 42.
Whitings, 328.
Whitley, 27, 28.
Whittlesey, 52, 56, 59-61.
Whittlewood Forest, 47.
Wicken, Bucks, 47.
, Cambs,, 142, 146, 181, 286.
Wigsthorpe, 57, 58.
Wilburton, 170.
WlLLCOX, C, 236.
WlLLETT, E. W., 236.
WiLLETT, H., 251, 345, 346.
Williugham, 56, 147.
, North, 175.
, South, 175,320,328.
Willoughby, near Alford, 294, 339.
Wilton Abbey, 312
Wilts and Berks Canal, 30, 31, 336.
Wiltshire, Corallian of, 106 ; Kimeridgian
of, 163; Oxfordian of, 23; Port-
landian of, 203 ; Purbeckian of, 267
;
Wealden Beds of, 272.
Cheese, 304.
Downs, 164, 181.
Wimborne Minster, 316.
Winoanton, 21, 22, 105, 106, 303.
Winch, West, 173.
Winohenden, Nether and Over, 222.
Windsor, 299.
Windspit. See Winspit.
Wing, 228, 337.
Winslow, 46, 48, 303, 335.
Winspit, 186, 187, 190.
WiNwoOD, Rev. H. H., 163.
Winterton Holme, 67.
Wisbech, 60, 173.
Wishing Well, 339.
Witney, 41, 44.
Boring, 348.
Witham Friary, 22, 23, 305.
Witham Hole, 22.
Eiver, 300.
WiTOHELL, E., 300.
Woburn, 49, 135, 286.
Wockley, 205-207, 268, 269, 312, 320.
Wolds of Huntingdonshire, 56.
Wolvercot, 43.
Wood, S. v., Jitn., 345.
Wood, Drift, 166.
Fossil, 241, 262-266, 279, 286, 291.
Wood Walton, 55.
Woodbridge Farm, 332.
Woodhall Spa, 174, 328.
Woodlands, 303.
Woods, H., 154.
Woods, Thorn, 305.
Woodstock, 40, 43.
Woodstone, 57, 58.
Worbarrow Bay, 302 ; Portland Beds of,
186, 193 ; Purbeck Beds of, 243-245,
251,254.
Knob or Tout, 193, 254, 255.
Worlaby, 176, 177.
Worm-burrows, 72.
Worminghall, 134.
Worms Farm, 35.
Worth, 307.
Worton, 163, 164.
Wragby, 175.
Wrawby, 148, 149, 176.
Wken, Sik C, 31 h
Weight, Dk. T., 72.
Wroughton, 210.
.
Wychwood Forest, 40.
Wyke Eegis, 18, 19, 92.
Wytham Boring, 42, 44, 348.
Wytham Hill, 41, 42, 44, 129, 303.
Woodward, A. Smith, 59, 235, 236,
271.
Wood-ward, Dr. H., 318.
Woodward, Dr. J., 208, 235, 328, 331.
Woodward, Dr. S. P., 32, 36.
Woodwards Bridge, 36.
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Woody Hyde, 253, 317.
Woolston, Ijttle, 46, 49.
Woolstone, Faringdon, 166.
Wootton, Beds, 49, 341.
, Berks, 125.
, North, 173.
, South, 173.
Bassett, 28, 31, 32, 116, 117, 164,
303, 336, 341.
Spa, 340.
Tardley Chase, 52.
Hastings, 52.
Yaxley, 58.
Yeales, 311.
Yelden, 56.
Yorkshire Oolites, 8, 182, 229.
, Speeton Beds of, 287.
Young, J. T., 234.
Zinc, Bisulphide of, 167.
Zoar, 100.
Zones of Ammonites, 17, 37, 288.
in Corallian, 73 ; in Klmeridgian,
152; in Oxfordian, 7; inPort-
landian, 182 ; in Purbeokian,
236, 288.
of Ammonites alternans, 74, 152.
biarmatus, 73.
hiplex, 152.
calloviensis, 8, 10.
cordatus, 8, 14, 73.
-^— giganteus, 182.
gigas, 182, 235.
Jason, 8.
Lamberti, 8, 9.
— macrocephalus, 8.
mutabilis, 152.
—
^
ornatus, 8, 9, 14.
perarmatus, 71,73, 74, 76.
plicatilis, 71, 73, 76.
—
— transitorius, 236.
of Astarte supracorallina, 74, 152.
of Belemnites lateralis, 236, 287,
288.
of Cidarisflorigemma, 73, 74,
. of Cyprina Brongniarti, 182.
of Diceras arietina, 74.
of Discina latissima, 1 52.
of £xogi/ra virgula, 152.
of Ostrea delto'dea, 152.
of Fterocera oceani, 74, 152.
of Trigonia gibbosa, 152, 182,
of • Rhynchonella inconstans, 152.
of Waldheimia impressa, 55.







